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PREFACE TO FOURTH EDITION 

rilHE general plan of this work is to give, in each group 
• of the Invertebrata, first, a short account of its 
gei^ral zoological features with a more detailed descrip- 
tion of the hard parts of the animals; secondly, its 
classification and the characters of the important genera, 
with remarks on the affinities of some forms ; and thirdly, 
a description of the present distribution, and the geo- 
logical range. The account of each genus is followed by 
the enumeration of one or more typi^l species, so as to 
guide the student in making use of a large collection. 

The illustrations are employed mainly for the purpose 
of explaining stfucture and termiiwlogj^ and will not 
enable the student«to dispense with tlfe use of specimens. 
The list of palajontological work's is intended to indieSf^ 
where further, information may be obtained in any branch 
of th5 subject; it includes works •of general interest in 
each group, and others dealing especially with British 
fossils. " 



vi PREFACE TO FOURTH liJDlTION 

Some new figures have been added in this -edition, 
and ^hc work has been revised throughout. For advice 
and help in the parts dealing with the Echinoderma and 
the Polyzoa my thanks arc due to Dr Bather and Mr 
W. D. Lang ; and for various suggestions I am indebted 
to Mr R. G. Carruthbrs, Mrp<l. C. Crick, Miss G. L. Elies, 
Dr G. J. Hinde, Dr F. L. Kitchin, Mr P. Lake and other 
friends. 

H. WOODS. 

May, 1900 . 
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INTRODUCTION 


From the earliest times it has been known that bodies 
resembling marine animals occur embedded in the rocks. 
For several centuries two distinct views were held respect- 
ing their nature. By some persons they were thought 
to Iftive once formed parts of living animals, and con- 
sequently to indicate that the spot where they are now 
found was in past ages covered by the sea. Others, feeling 
it difficult to#a<5count for so much geograplncal change as 
would be necessitated by this view, considered that they 
were not of organic origin at all, but had been formed by 
some ‘ plastic force ’ within the earth — that they were in 
fact ‘ Sports of Nature.’ Since, however, these bodies re- 
semble in every essential respect the ha^l parts of animals 
now existing, we may at once reject this hypothesis. 

iThe remains of animals and plants of past ages pre- 
served in the rocks are known as fossils, th§ study of which 
fbrms Jhe subject of Palaeontology. 

In order thq,f an finirng,! or plant may become a fossil 
two conditions are generally lyjcessaiy: •First, it mulit 
possess a •skeleton of some kind or other, since the soft 
parts arei rajidly decomposed ; consequently such animals 
as jelly-fishes le'ave no trace o£ their existence, unless it be 
a mere imprint. Secdtidly, the organism must be covered* 
up by some deposit, otherwise it will soon crumble tof iec;^s 


w. p. 
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Now, since there are comparatively few places, on land^ 
wh^e material is being deposited to any great jxtent, it 
follows that terrestrial animals will stand but little chance 
of being preserved; the greater number after death will 
remain on the surface and will in a short time be entirely 
decomposed. A fb w may become entombed in peat-bogs, 
in the dust and ashes thrown out by volcanoes, in the sand 
of sand-dunes, or by a landslip ; some may be sealed up in 
deposits of carbonate of lime, such as the travertine thrown 
down by calcareous springs, or the stalagmite formed on 
the floor of caves ; and lastly, others may be transported 
by running water and ultimately buried in the bed of a 
river, of a lake, or of the sea. Such instances, however, 
are of comparatively rare occurrence. In the caae of 
aquatic animals the conditions for fossilisation are much 
more favourable, since deposition is more universal in water 
than on land. ‘ Of such aqueous deposits, those formed in 
the sea will enclose by far the larger number of animals 
on account of the greater area which these deposits cover. 

The structure and composition of the hard parts vary 
considerably in different groups of animals and plants; 
some are therefore much more readily preserved as fossils 
than others. Thus in Argon auta the skeleton coni^ists 
of a thin shell which is easily broken up ; then agaiji in 
some sponges it is‘ formed of needles of silica, which ar5 
held togethefr by the soft pai;ts only and consequently 
easily become jseattered after the death of the animal.* But 
in other ckses, as in most of the mollusks and gorals, the 
skeleton is very strong and not easily (!estaroyed, hence 
these occur abundantly in t^he fossil form.* Pferhaps even 
tmore important than the structure,* is the composition of 
the l\ard parts, which, in the case of « insects and some 
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hydroids consist of a homy substance known as chitin ; in 
‘diatoms, I in most radiolarians, and in many sponger, of 
silica ; in the bones of vertebrates, chiefly of carbonate and 
phosphate of lime; in corals, echinoderms, mollusks and 
many other animals and some plants, of carbonate of lime ; 
in most plants, of woody or corky tissue: a larger or 
^smaller amount of organic matter is always combined with 
the mineral. Of these substances, chitin is with difficulty 
dissolved. Silica in its ordinary crystalline condition is 
one of the most stable of minerals, but when secreted by 
an animal or plant it is glassy and isotropic (i.e. singly 
refracting and without effect on polarised light), and is 
dissolved with comparative ease, so that such . skeletons 
may be entirely removed by the action of percolating 
water. In organisms with calcareous skeletons the car- 
bonate of lime is readily dissolved by water containing 
carbonic acid, but the degree of solubility varies according 
to the ifondition in which the carbonate of lime is present. 
In some animals it occurs as aragonite, in others as calcite. 
Of these two minerals, aragonite is the harder and heavier, 
its specific gravity being 2’93, whilst that of calcite is 
only 2 ’7 2; aragonite crystallises in the rhombic system, 
calcite in the hexagonal. Fossil calcite shells {e.g. Pecten 
op^cularis) are translucent, their surface is compact, but 
their interior porous; on the other hand the aragonite 
•shells {e,g, Pectunculus glydmeris) are*opaque, and have a 
chalky appearance but a compact stru*ctui*e throughout. 
If a shell of each kind be suspended in water containing 
carbonic ^acid, it will be found that the one composed of 
aragonije will lose, in the same time^ a much greater pro- 
portion bf its weight than the other. Further, the calcite 
shell remains firm longer than the aragonite, the latter 
being soon reduced to the consistency of kaolin or china- 
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clay. This difference, however, does not appear to be due / 
direyetly to mineral composition, for Cornish an(J? Kendall 
found that when crystals of calcite and aragoriite were 
powdered and placed in carbonic acid solutions of the same 
strength, the aragonite was not acted on more rapidly 
than the calcite, And the same result was obtained with^ 
powdered fossil shells. Ffom all these considerations, it 
is not surprising to find that in some strata the aragonite 
skeletons have entirely disappeared, whereas those formed 
of calcite remain. This will obviously be most likely to 
occur in pervious beds through which water containing 
carbonic acid percolates. A striking instance of the differ- 
ence in the solubility of calcite and aragonite was furnished 
by some specimens of the common edible mussel, Mytilus 
edulisy in which the inner layer of the shell is formed of 
aragonite and the outer of calcite ; Sorby found specimens 
in the raised beach at Hope’s Nose, Torquay, wl^ch had 
lost the inner layer but not the outer. Similarly, in speci- 
mens of Spondylus from the Chalk, the inner layer of the 
shell has been completely removed, but the outer is left. In 
some cases aragonite is replaced by calcite, but then the 
organic structure ?s entirely destroyed, and we get merely 
a mass of calcite crystals. Calcite is never replaced by 
aragonite. 

The mineral^ character of the skeleton of the chief 
calcareous organisms is as follows: — 

Foraminifera , — The vitreous forms consist of calcite, 
the porcellanoUs probably ‘of aragonite. 

Porifera . — Calcareous sponges of calcite. 

Anthozoa . — The Alcyonaria are of calcite, except He^ 
lioporay which is of aragonite; the'Madreporaria are of 
aragonite. ® 
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t Echinoderma, — All of calcite. 

Poly\oa. — Chiefly calcite. • 

BracJiiopoda, — All of calcite. 

Lamellibranchia, — Many consist entirely of aragonite, 
but Anomia, Ostrea, and Pecten of oulcite. In Pinna, 
^Mytilus, Spondylus, Unio, and Trigonia, the inner layer is 
of aragonite, the outer of calcite. 

Gasteropoda. — The majority are formed of aragonite, 
but Scalaria and some species of Fiisus are of calcite. In 
some (e.g. Patella, Littorina) the outer layer is calcite. 

Cephalopoda. — Nautilus, Spiruki, and Sepia are mainly 
aragonite, as also were probably the Ammonites. Argo- 
nauta and the guard of Belemnites are calcite. 

Crustacea. — The shell consists of chitinous material 
usually containing calcite, and often som» phosphate of 
lime. ^ 

The condition in which fossils occur depends, as we 
have seen, .on their original composition and on the 
material in which they are embedded. The chief types 
are the following : — % 

1. The entire organism preserved. Occasionally the 
soft parts of the organism are preserved as well as the 
^kefeton, the wholfe having suffered •very little change, 
instarfees of this ar^ (a) the woolly rhirloceuDs and mam- 
iiK)th,found frozen in the mud and ice in Northern Siberia, 
and (6) insects and plants encjised in fossil reein, known 
as amber, found* in the Oligocene beds on the Baltic shores 
of Prussia and in the Tertiary beds near Cromer. 

2. The skeleton preserved almost unchanged. S8me-* 
times when the ^eleton alone is preserved, it remains 



6 


INTRODUCTION 


almost in its original condition, except that it hcCs lost its - 
orgfthic matter. Thus the shells in the Pliocen^ beds of 
England differ from living ones only in being lighter, more 
porous and generally colourless. In some instances a 
certain amount of mineral matter, such as carbonate of 
lime, has been ad3ed to the skeleton, making it heavier# 
and more compact. 

3 . Carhornsation. In some plants, and in animals 
with chitinous skeletons, such as graptolites, the original 
material usually becomes carbonised. The organism under- 
goes decomposition and loses oxygen and nitrogen, the 
relative percentage of carbon therefore increasing. The 
changes are similar to those which occurred during^ the 
conversion of vegetable matter into coal. 

4. A moiild of the skeleton. Sometimes* the gkeleton 
disappears entirely, a mould only remaining: this is 
especially the case when it consists of aragonite and is 
embedded in a porous stratum. After the shell of a 
mollusk has become covered up with sediment, and the 
soft parts have been decomposed, the interior becomes 
filled with the same material. Water containing carbonic 
acid subsequently percolates through the rock and carries 
away the shell as bicarbonate of lime, so that there isdeft 
only a mould of t)ie interior and of the exterior, the. space'' 
between the two being that which 'was ftriginally occu- 
pied by the shell and, ifi filled with wax, will give an 
exact model of it. Excellent examples of this mode of 
fossilisation are seen in some mollusks from the Portland 
Oolite, e,g, Cerithium and Trigonia, Sometimes after the 
hheir has been removed the space left becomes filled up 
with mineral matter carried in by percoliating water ; this 
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has the form of the original skeleton but obviously not its 
internal fstructure. 

The interior of the shells of foraminifera may, soon alter 
the death of the animal, become filled with glauconite 
(silicate of iron and alumina) ; subsequently the shell itself 
often disappears, leaving only the interoal cast. Glauconite 
occurs in this way in the various greensand strata, and 
also in some of the deep-sea deposits at the present day. 
Somewhat similarly the shells of sea-urchins occurring in 
the Chalk are sometimes filled with flint ; in such cases 
the shell when buried did not become filled with Chalk, 
but remained empty until flint was deposited in it from 
percolating water containing silica in solution. 

• 

0. PetHfaction, In some deposits the fossils show 
the minute structure as well as the form of the organism, 
but the original material of the skeleton hqs been replaced 
by another hiineral. Thus we find fossil wood which shows 
the cells and vessels just as in existing trees, but in which 
the walls are formed of silica instead of cellulose. The 
change has gone on in such a manner that as each particle 
disappeared its place was taken by a particle of silica. 
The chief minerals which replace the^ original substance 

of organisms in this manner are: — 

• 

-(i) Carbonate^ of lime; calcite sometimes replaces 
^ the silica of sponges. 

(ii) Silicaf as in the fossils from the Blackdown 

Greensand, and the Thanet Sands near Faver- 
• • * • 
sham j also in the wood of the Purbeck dirt-bed 

• in^he Isle of Portland. • 

(iii) Iron pyrites; e.g. Ammonites from the Oxfoid 
Clay, Lias, etc., and some graptolites. ^ 
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(iv) Oxide of iron, in the form of limonite. in some 
fossils from the Dogger (Inferior Oolite) |)f York- 
shire and the Lower Greensand of Potton, etc., 
and as hiematite in fossils from the Carboniferous 
Limestone of Cumberland. 

(v) In rare c^es there are other replacing minerals# 
such as sulphate of lime, barytes, blende, galena, 
malachite, viviariite, and spathic iron. 

6. Imprints. The footprints of animals and the 
impressions of jelly-fishes are sometimes found in the 
rocks, and these, although forming no part of the animal 
itself, are nevertheless regarded as fossils. 

In endeavouring to discover the changes which have 
taken place on the earth in past geological times, the 
evidence furnished by fossils is of primary ^iiRportance. 
Each great group of the stratified rocks, known as a 
system, is characterised by a particular assemblage of 
genera and species, some of which are confined to it and 
enable us to identify the system. In a similar manner, 
the smaller divisions — the series and stages, are each 
characterised by the presence of certain fossils, which do 
not occur above or below. Further, it is found that the 
fauna of the smallest division (stage or group of beds) 
is not of uniform character throughout; although there* 
may be no change* in the nature^ of the rock, some of the 
species and varieties which are abundant at one level* wifi 
become rare or will disappear entirely in passing tp higher 
or lower horizons. Consequently, a set of^ bqds may be 
divided into belts or zones, the general aspect of the fauna, 
of eacji zone being somewhat different from that of the 
others, but between these divisions there will be no break 
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either physical or paljeontological. If then we have 
determined the order of succession of the formations in 
any one* area by means of their relative positions, the 
newer resting on the older, it is fairly easy in any other 
district, merely by examining the fossils, to refer any set 
of beds to its proper position in ther geological record. 
*But although this law of the identification of strata by 
the fossils which they contain is of great value, it must not 
be applied without some caution, for even if two formations 
were deposited at exactly the same time, it does not 
necessarily follow that all the genera and species found 
in the two will be identical. Thus for instance in the seas 
at the present day the same forms of life do not occur in 
all parts ; animals which live in water of moderate depth 
are distributed in provinces which depend largely on 
climatic conditions, each province possessing some forms 
peculiar to ^tself. The organisms now being entombed 
in deposits formed, say, off the British coasts, will as a 
whole be different from those off the Canary Islands ; but 
still, some of the species and many of the genera will be 
common to both areas, and would enable us to identify 
the two deposits as having been forme^ within the same 
general period, though perhaps not to prove them abso- 
lutely synchronous. Then again there is a distribution 
of organisms according to the depth of the sea, and the 
•nature of the sea-l)ottom; so that tBe fauna of a deep- 
water formation wilk necessarily be different •from that of a 
shallow- water one, and that of a sandy deposit different 
from thaj of a mud. But in addition to the animals living 
on the ^ea-J;)ottom there are others^ which live near the 
surface *of*the ocean, far from land; mah pelagic forms 
have a wider geogrerphical range than those which livQ 
on the sea-floor in shallow water, and are consequently of 
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great value in determining, as of the same age,, deposits 
found in widely-separated localities. I 

in addition to their chronological value, fossils are 
also important in indicating the conditions under which 
the formations were deposited. In the case of the later 
beds, where most the fossils belong to genera which are 
still existing, it is easy to distinguish a marine deposit* 
from one formed in freshwater or on land. Even in the 
rocks of earlier periods, in which most of the genera are 
extinct, we may recognise a marine deposit by the presence 
of such animals as radiolarians, corals, cchinoderms, 
brachiopods, pteropods, cephalopods, or cirripeds, which at 
the present day are found only in the sea. 

The depth of the sea in which a formation was deposited 
can be estimated when the fossils belong to living species ; 
when the species are extinct some idea may be formed Jf 
the genera to which they belong are found chjefly at some 
particular depth at the present day. In attempting such 
determinations it must be remembered that the sea-bottom 
down to a depth of nearly 50 fathoms may be disturbed by 
the action of waves and currents in the sea ; consequently 
the animals living on the bottom in shallow water are 
liable to be carried from their original home to higher or 
lower levels. One of the surest indications that a formation 
was laid down in shallow water and not far from land is 
furnished by the association of the fossil remains of land* 
animals and •plants with marine species; another, by 
the presence of* mollusks^ such as Pholas, Saadcava and 
Lithodomu&y which bore into rocks, and at the present day 
are found only in sl^allow water. • • 

The nature of the climatqs of past ages may be judged 
to some extent by the character of the fossils ; the evidence 
furnished by land-plants is particularly valuable, since 
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their distribution is determined largely by temperature 
and is Better marked than in the case of marine animals. 
As far a*s the latter are concerned it is only when we are 
dealing with modern species that we can, as a rule, speak 
with any degree of certainty on this subject; this is 
^owing to the fact that at the present ^ay the individual 
species of the same genus have often a very different 
distribution, some being found in warm, others in cold, 
regions. Even when all the fossils in a formation belong 
to extinct species, the assemblage of genera is sometimes 
such as marks some region at the present day ; thus, for 
example, in the London Clay we find that many of the 
genera of mollusks are now characteristic of tropical or 
subtropical seas. 

The study of fossil animals and plants is of the 
highes^ importance to the biologist, not only because 
they arc the ancestors of modern species, but because 
among fossil forms we find many groups (e.^. Graptolites, 
Cystids, Blastoids, Trilobites, Eurypterids), which are 
altogether extinct, and which often throw light on the 
relationship of existing animals and jjants. Others {e.g, 
Crinoids, Brachiopods, Nautiloids) are represented at the 
present day by few forms only, but were, in past ages, very 
abfindant; consequently no adequate knowledge of such 
' groups of animals can be obtained from the study of living 
examples only^ Iff som§ cases the ancient* forms serve to 
coniJect groups which, at the. present dsiy, appear to^be 
quite distinct; thus, for example, the earliestT known bird 
{ArchcBopteryx, from the Solenhofen Limestone, Upper 
•Jurassic) shows, in several important characters, affinities 
to the Reptiles. Frbm the point of view of the biologist, 
the greatest intel-est in Palaeontology is found in tjj^e bear- 
ing it has on the subject of evolution : it is onlj^by a study 
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of the fossil forms that the race-history or phylogeny of 
aniipals and plants can be traced with certainty*; but in 
attempting such investigations a great difficulty is pre- 
sented by the imperfection of the record of the life of past 
ages, since only a very small proportion of the animals 
and plants has b^n preserved, and these often in a very^ 
imperfect manner. We have already seen several reasons 
why this record must be imperfect ; some animals are with- 
out hard parts, while others, particularly land animals, 
do not become covered up with sediment. Further, the 
remains of animals which were originally present in the 
rocks have been, in some cases, dissolved by percolating 
water, or to a great extent obliterated by the meta- 
morphism which the rock has undergone. Then again 
the record of life is incomplete because of the breaks in 
the succession of the stratified rocks; these breaks have 
been caused sometimes by denudation having removed 
a great thickness of rocks, in other cases by an absence 
of deposition. 

Notwithstanding this imperfection of the record, 
many groups of animals are found to undergo gradual 
modification when traced through series of strata or 
formations. For example, in the Pliocene deposits of 
Slavonia there are numerous shells of pond-snails (Fm- 
parus or Paludina ) ; and specimens found at the top and 
bottom of the formation, and also at certain interv<gning ' 
levels, differ so* much from one anotherr that they appear 
to belong to distinct species. When, however, exantples 
are collected from all the beds of the formation, the 
apparently distinct species are seen to be connected by 
intermediate forms, and a series, showing a gfadiial passage 
from the species found in the lowest'bed to that in the 
highest, can be obtained. ® 

In several groups of Tertiary Mammalia there is also 
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evidence. of gradual modification in structure; thus the 
earliest •known forerunner of the horse, found in the 
Eocene beds, possessed five toes, and was succeeded in 
later times by forms with successively fewer toes, until in 
the Pliocene, the existing type {Equus)^ with only one toe 
^and splint-bones, appeared; other gradual changes also 
occurred in the character of the teeth, etc. 

In the development and growth of an animal, various 
stages, which often present some resemblance to the 
adults of other animals, are passed through. In some 
cases these stages in the life of the individual are also 
similar to those which occurred in the history of its race, 
as shown by the geological record. This agreement gives 
somfe support to the ‘recapitulation theory," which sup- 
poses that the changes passed through in the development 
of the individual (ontogeny) are, in a general way, a rapid 
and incomplete repetition of those which Occurred in its 
race-history (phylogeny). 

In a natural classification of animals an attempt is 
made to place together in the same group those forms 
which are connected by descent; such^a classification, if 
perfect, would be of the nature of a genealogical tree. 
Each main division is termed a Phylum, and is divided and 
subdivided into smaller and smaller groups, known as 
•Classgs, Orders, Families, Genera, and’Sj)ecies. A species 
includes a grcjjip #f individuals which appear to have 
(fesc^ded from the same ancestors and ^n give rise •to 
offsprings which are fertile among themselves ^ such indi- 
viduals#usuftlly differ from one another to only about the 
same degree that offspring o^the same parents may differ. 
One species is genefally distinguished from another by 
such characters afs ornamentation, shape, relative proper- 
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tion of parts, and size. In some species one .or more 
gro\ips termed varieties may be recognised, and*- are dis- 
tinguished from the other forms included in the species 
by some slight, but fairly well-marked and constant 
modification. Varieties are frequently connected with the 
special physical oi^ biological conditions under which they 
are living. The varieties in some species pass into one 
another by intermediate forms; but others appear to be 
fairly distinct and may be regarded as incipient species. 

Sometimes two groups of individuals resemble each 
other so closely that they might be regarded as belonging 
to the same genus or to the same species, but they 
appear to have descended from different ancestors since 
they are found to differ in development (ontogeny) or in 
their palaeontological history ; this phenomenon, of forms 
belonging to different stocks, approaching one another in 
character, is krlown as convergence or heterogej^etic homoeo- 
morphy^ and may occur either at the same geological 
period or at widely separated intervals. 

Similarly, animals belonging to two distinct groups 
may, when subjected to similar conditions, show corre- 
sponding modifications, though they do not really approach 
one another in essential characters ; thus parallel modifi- 
cation may occur in independent groups. 
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Classes Orders 

{ ] . Foraminifera.'. 

2. Badiolaria. 

3, Others not found fossil. 

2. Flagellata or Mastigophora (not fossil). 

3. Infusoria (not fossil). 

4. Sporozoa (not fossil). 

The Protozoa include the lowest forms of animals, such as 
Amoeba, Vorticella, and Globigerina, The body is usually 
very small, j,nd consists in many cases of one cell only, in 
others of more than one, but the cells never form tissues 
as they do in all other animals. A cell consists of proto- 
plasm — a viscid or semi-fluid living substance containing 
granules; in the centre of the cell is a denser, usually 
spherical body called the nucleus — sometimes more than 
one is present. 

In some Protozoa (the Gymnomyxa) the protoplasm is 
nailed, and consists of an inner granular mass and a thin, 
•clear, outer layer ; such forais are further** characterised by 
having no definite., shape, by being able to take in food 
at any part of the body, and by possessing the power^ of 
throwing out lobes or filaments of protoplasm known as 
pseudopodicfir In others (the Flagellata and Infusoria) 
Jbhe protoplasm is surrounded by a firm membrane or 
cuticle which gives the animal a definite form ; th^ foo(J 
is generally taken in at one permanent aperture, and 
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pseudopodia are seldom present, but the surface is- provided 
witlj: cilia ot flagella, which are fine threads of pr6toplasm 
having a definite form and a rhythmic movement*. n 

.Reproduction in the Protozoa takes place usually by 
fission {i.e, division into two parts) and sometimes by the 
formation of spo^fes. In some cases conjugation of twq 
or more individuals occurs, representing to some extent 
sexual reproduction. In some of the Protozoa there is 
no skeleton, but in others a shell is formed. 

The Protozoa can be divided into four main groups, 
(I) the Gymnomyxa, (2) the Flagellata, (3) the Infusoria, 
(4) the Sporozoa ; no examples of the last three divisions 
have been definitely recognised in the fossil state. 


CLASS I. GYMNOMYXA (SARCODINA) 

The members of this group possess no external mem- 
brane (cuticle), and are able to throw out pseudopodia, 
by means of which movement takes place and food is 
obtained. 

The Gymnomyxa or Sarcodina are divided into several 
orders, of which only two have been found fossil, namely, 
the Foraminifera and the Radiolaria. 

ORDER I. FORAMINIFERA ‘ 

The Foraminifera are characterised, by their thread-like 
pseudopodia, which frequently branch and anastomose*; 
and by possessing in most cases a shell or test, wl^ich may 
be calcareous, arenaceous, or chitinous. , c 

The calcareous forms are by far the comnlonest, and, 
in th^se, two kinds of shell may be distinguished, namely, 
the vitreous and the porcellanovs. In the vitreous, the 
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shell has a glassy appearance, and is perforated by in- 
numeralJle tubes for the passage of the pseudopodisf; in 
some forms {e.g. Rotalia) these tubes are of an inch 
in diameter, but in others (e.g. Operculina) only of 
an inch. In the porcellanous forms the shell, when 
^viewed by reflected light, is opaque andT white, having the 
appearance of porcelain ; it is not perforated by tubes, but 
possesses one or two large apertures through which most 
of the pseudopodia pass out — some, however, are given off 
from the layer of protoplasm which covers the surface of 
the shell. In these porcellanous Foraminifera the shell 
is sometimes pitted, producing at first sight the appearance 
of perforation. 

In the arenaceous forms the shell consists of foreign 
particles joined together by a cement. The particles are 
usually grains of sand (commonly quartz), but sometimes 
sponge ^ 5 pic«les, or the shells of other Foraminifera. 
The cement may be formed of chitinous, calcareous, or 
ferruginous material. The shell is often imperforate. 

The chitinous forms (e.g, Oromia) do not occur as 
fossils. 

The shell of the Foraminifera varies considerably in 
form and structure ; in some genera it consists of a single 
chamber, when it is said to be unilocular ^ as for example 
in drbulina, where.it is spherical, and i» Lagena (fig. 3, 

where it is generally flask-shaped. .In other cases it 
cqnsists of jsev«ral* chambers communicating with one 
another, either by perforations in the * walls (septa) 
between them,; or by larger openings. In these multi- 
locular the shell grows by thfe addition of a new 

chamber at the end of the one last formed; this takes 
place by the protrusion, through the aperture or mouth 
of the shell, of a mass of protoplasm, at the surface 

w. p. . • ’ 2 
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of which the wall of a new chamber is formed either by the 
secretion of material or by cementing of foreign ^particles. 
The arrangement of the chambers in the rnultilocular 
Foraminifera is very varied; they may be placed in a 
straight line as in Nodosaria (fig. 3, H\ in a curved line as 
in Dentalina, in a plane spiral as in Gristellaria (fig. 3, 0)^ 
or in a helicoid spiral as in Rotalia (fig. 3, L, M), The 
earlier whorls in some spiral forms are partly or entirely 
covered by the later ones, so that sometimes the last whorl 
only is visible on the exterior (e.g. Gristellaria) ; but when 
the later chambers are merely attached to the extremities 



Fig. 1. A, section of a foraminifer in which each septum is formed of a 
single lamella. R, in which the septum is formed of two lamelleo. 
a, passages between the chambers ; b, septum ; c, anterior wall of 
last chamber ; d, supplemental skeleton. ^ (After Carpenter.)^, 

of the earlier ones, all the whorls can be seen {e,g, 
Operculina), Some genera, such as Text^laria (fig. 3, ^), 
have two rowS of chambers placed side by side; others 
{Tritaxia) have three. In some cases {e,g. OrbitoUtes) there 
are numerous chambto arranged in concentric^ rin^s instead 
of in a spiral. 

In the porcellanous and the simpler vitreous Forami- 
niferd'each septum (fig. I, A, b) consists of a single lamella 
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which i& really the front wall of the preceding chamber ; 
but in the higher vitreous forms each septum (fig. 1, 6) 

is formed of two lamellsB, owing to the fact that when a 
new chamber is added to the shell a new wall is secreted 
next to the front wall of the last chamber. The shell of 
the vitreous Foraminifcra is at first th"in, but may after- 
wards increase in thickness by the addition of material at 
the surface ; in the higher vitreous forms the outer layers 
are often traversed by numerous canals and constitute 
what is known as the supj)lemental skeleton (fig. 1, B, d). 


A 


B 



Fig. 2. Dimorphism of Nummulites Icsvigatus, Bracklesham B 
(Eocene), Selsea. section of the entire shell of the megalosphi 
form X 9. R, section of the central parti of the microsphi 
form x9. 


Most of the higher Foraminifera are dimorphic — that 
is te say, there are .two forms of the same species. This 
lact was first noticed in specimens of Nvmmulites from the 
Ejpeene deposits^ In one 4brm, the first or initial chamber, 
which* is seen at the centre when the shell is split, is large 
and moref or less spherical and is called the megalosphere 
(fig. 2, 4)j tn the other it is much Smaller and is known 
a® the microsphere (fi^. 2, 5). • These two forms are found ^ 
associated together, and were, at one time, described as 
different species. In the microspheric type Jhe* shell 

2—2 
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commonly, but not always, grows to a larger size than in the 
meg^Alospheric type, and individuals of the former are 
much less numerous than of the latter ; in other respects 
the two are similar. The relationship of the microspheric 
and megalospheric shells has been elucidated by a study of 
the life-history of Polystomella and other living Forami- 
nifera. When reproduction takes place in the microspheric 
form all the protoplasm passes out of the shell and divides 
into spherical masses, each of which secretes a shell and 
develops into a megalospheric individual. In the repro- 
duction of the megalospheric form the protoplasm divides 
into small rounded portions which pass out of the shell as 
moving spores — zoospores ; it is believed that two zoospores 
from different individuals conjugate and give rise lo a 
microspheric individual. There are, therefore, two modes 
of reproduction — asexual and sexual, which alternate. 

For convenience of reference the Foraminiferg may be 
divided into three groups, the characters of which are 
based on the structure and composition of the shell ; but 
this cannot be regarded as a natural classification since in 
some types which are usually calcareous {e.g, Miliola) we 
occasionally meet 'with species in which the shell consists 
largely of sandy material. 

“I. ‘ P(yrcellanous Forms. * 

I 

a 

Shell calcareous, porcellanous^ not perforated by canals, 
blit provided with one or two large apertures through whicTi 
the pseudopodia pass out. , 

Miliola. (fig. 3, A — D.) Shell multilocular, •the ^chambers 
being coiled on an elongated a^is, each chambef farming half ^ 
convalution. In some cases all the chambei*s are visible externally 
on both sides of the shell (fig. 3, /)) ; in others, owing to the 
lateral prolongations of the chambers, only the last one or two are 




Fig. 3. Foraminifera (reccjnt). J, B, Biloculina depressa, B, se(;tion. 
C, Miliolina seminulum. I>, Spiroloculina livibata. E, Textularia 
harretti. F, Lagena sulcata, G, Cristellaria rotulata, Hf Nocjo- 
aaria radicula, J, K, Glohigerina bulloides. L, M, Rotdlia beccari. 
(After Brady.) All enlarged. 
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seen (fig. 3, A, C) ; or it may be that more chambers are -shown on 
one aide than on the other. The external features of* the shell 
consequently vary considerably, and on this account the -forms in- 
cluded under the term Miliola are now regarded as constituting a 
number of distinct genera to which the following names have l>een 
given : — Biloculin%F^hularia^ SpiroloculiTm^ Miliolina^ Qumqmlocu- 
lina^ etc. Trias to present day. Ex. Miliolina seminulum^ Eocene^, 
to present day ; Biloculina riiigem^ Eocene to present day ; Spiro- 
locxdina planulata^ London Clay to present day. 

Orbitolites. Shell discoidal, generally rather large, composed 
of either a small spiral part at the centre, or of one or more large 
central chambers, around which are many concentric rings divided into 
numerous chambers ; the chambers of adjacent rings communicate 
by radial openings, and at the external margin of the last ring are 
jKjres opening to the exterior. Above and below this layer of 
chambers there may be another layer of smaller chambers, arranged 
concentrically. Upper Cretaceous to present day. Ex. 0. compla- 
natay Eocene. 

f 

Alveolina. Shell fusiform or elliptical, sonK^tin^s nearly 
globular, composed of many whorls coiled around the long axis of 
the shell ; each whorl completely covers the one preceding it, and is 
divided into long chambers by partitions parallel with the axis of 
the shell ; these are divided into smaller chambers by partitions at 
right angles to the others. Chalk to present day ; chiefly Eocene. 
Ex. A, hosciy Eocene!" 


II. Arenaceous Forms, 

• , O 

I 

Shell con\posed of grains of sand^ or other particles 
cejmented togetljer by chitinous/calcareou*fi, or ferruginous 
material. 

Saccammina. Shell usually free, compact, for^ned (df a single 
spherical, pyriform, or fusiform chamber with a prejeoting*^^ aperture^ 
,/>r of number of chambers united end toi,end. Surface smooth or 
nearly smooth. Ordovician, Carboniferous, |ind living. Ex. S, 
fumlin\f(yrmin (= careen), Carboniferous Limestone. 
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Ifitupla. Shell free, composed of coarse grains, spiral or 
crosier-shaped. Septa labyrinthine. Aperture simple or sieve-like. 
Carboniferous to present day. Ex. L. nautiloidea^ Chalk. 

Orbitolina. Shell partly sandy, conical or flattened, with 
convex upper, and usually concave lower surface ; consisting of 
central compressed chambers surrounded concentric rings of 
^chambers. Cretaceous. Ex. 0. coneava^ Upper Greensand. 

XSndothyra. Shell free, spiral )sftnilar to Rotalia) ; chambers 
numerous, composed of an outer calciircous, perforated layer, and an 
inner compact layer formed of small grains cemented together. 
Aperture at the inner margin of the last chamber. Carboniferous 
to Trias. Ex. E, howmani, Carboniferous Limestone. 

Textularia. (flg. 3, E.) Shell arenaceous (in the small forms 
it is vitreous) ; form variable, conical, pyriform, or cuneiform ; 
cona 4 )osed of numerous chambers in two alternating parallel series. 
Aperture slit-like on the inner edge of the last chamber. Cambrian 
to present day. Ex. T, glohulosa^ Chalk. 

III. Vitreous Forms. 

Shell of calcite, vitreous, perforated by numerous 
minute canals for the passage of the pseudopodia. 

Lagena. (fig. 3, F.) Shell unilocular, very finely perforated. 
Form globose, ovate or flask-shaped. A siii^le terminal aperture, 
sometimes at the end of a long neck ; rarely two apertures. Surface 
smooth, ribbed, striated, or spinous. Cambrian to present day. 
Ex* L. striata^ London Clay to present day ; Z. sulcata^ Silurian 
» to present day. • 

Nodosaria^ ^g. 3, H.) Shell composed* of a number of 
bhankbers which are circular in transverse se( 5 tion, arranged ip a 
straight line, and separated by consltrictions. Aperture at the apex 
of the lasib chamber. Surface smooth or ornamented with granules, 
spines, tfr ribs, Cambrian to present dfiy. Ex. N, zippei^ Gault 
•and Chalk. * ’ • 

Cristellaria. (fig. 3, G.) Shell compressed, lonticfllar or 
elongate, multilocular, coiled in part or entirely in a plar:^ spiral ; 
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each coil usually covers the one preceding it. Cambrian to present 
day. Ex. 0, rotulata. Chalk. • 

< " Globigerina. (fig. 3, /, AT.) Shell perforated by large canals ; 
chambers globular, few, arranged in a plain or helicoid spiral, each 
chamber opening by a large aperture into the central cavity of the 
spire. No supplemental skeleton: Pelagic forms usually with 
spines. Cambrian to present day. Ex. 0. cretacea^ Chalk. , 

Orbulina. A single spherical chamber, with perforations of 
two sizes. Sometimes with smaller chambers (similar to a Globi- 
gerina) inside the large spherical one. Lias to present day. Ex. 0. 
universa^ Lias to present day. 

Rotalia. (fig. 3, A, M.) Test very finely perforated, multi- 
locular. The chambers .arranged in a helicoid spiral, so that on the 
upper surface all the whorls are seen, on the lower only the last one. 
The aperture is in the form of a curved slit on the lower surface of 
the last chamber. The septa are usually formed of two layers. 
A supiDlemental skeleton is often present. Lower Cretaceous to 
present day. Ex. It, heccari^ Miocene to present day. 

Calcarina. * Test lenticular, spiral, with only the l^,st whorl 
visible on the base. Supplemental skeleton greatly developed, 
traversed by numerous canals, and projecting as long spines from 
the margin. Chalk to present day. Ex. C. ccdcitrapoideSy Chalk. 

FUBUlina. Shell fusiform, composed of elongated whorls ; 
each whorl completely covers the preceding one, and is divided by 
septa into a number of chambers, which may bo again divided into 
smaller chambers. Adjoining chambers communicate by a slit 
at the middle of the base of each septum. Septa folded, each 
consisting of a single layer. Aperture in the form of a fisshre. 
Carboniferous and Permian. Ex. F. cylindrical Carboniferous * 
Limestone. i 

Amphistegina. Shell lenticular, with sharp edge ; the hpper 
and lower surfaces unequally convex ; formed of numerous, chambers 
coiled in a plane spiral, each coil almost completely enclosing the 
preceding one. Septa formed of a single layer.. Supplemental 
skeleton at the centre of the shell. Aperture similar to that of^ 
'Rotalih, Carboniferous, and Miocene to present day. Ex. A. 
havjeri^ Jliocene. 
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Num^iulites. (figs. 2, 4.) Shell lenticular in form, and com- 
posed of a«large number of whorls coiled in a plane spiral. Us^lly 
each whorj completely covers the preceding one by means of the 
lateral prolongations of the chambers, so that externally only the 
last whorl of the shell is visible. The whorls are divided* into 
chambers (c) by septa (b) which arc slightly curved backwards ; 
each chamber communicates with the neighboifting one by means of 
a median fissure at the inner margin of the septum. Each septum 
is formed by two lamella). A supplemental skeleton is present, 
part of it forming what has been termed the ‘ marginal cord ’ (a). 
The general shell-substance is minutely perforated, and a system of 
canals also traverses the septa and supplemental skeleton. Aperture 



Fig. 4. NummuliteSy showing vertical and horizontal sections, a, mar- 
ginal cord with canals (supplemental skeleton); b, septum, with 
canals ; c, chambers ; d, test ; Cy pillars of the supplemental skele- 
^ fon. (After Zittel.^ Enlarged. • • 

• 

in the form of a slj^^the inper margin of the last*chamber. The 
shell splits readily into two similar |)arts along ^tbe median plane, 
owing to the relatively large size of the parts of t];;e chambers 
occurring tlierer The earliest species of Nummulites occurs in the 
. Carbonifeifpus^*Limestone of Belgium ; otfiers have been recorded 
from the Upper Jurassic of Amberg (Bavaria) ; the genus attains 
its maximum in the Eocene ; only one or two rather rare fornfe are * 
living, oneT^'^TcI? "(N' cummingi) is found .in shallow w|kter in 
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tropical and sub>tropical regions. In the English Eocene the genus 
is found in the Barton and the Bracklesham Beds. Ex. N. Icevigatus^ 
Bracklesham Beds, 

Operculina. Similar to Nummulites, but whorls fewer and 
rapidly enlarging, all visible externally ; each of the earlier whorls 
partly encloses th(^ preceding one. Cretaceous to present day. 
Ex. 0. complanata^ Miocene. t 

Orbitoides. Test lenticular or discoidal, composed of a 
median layer of rectangular chambers arranged in concentric rings 
which are often incomplete ; the chambers of adjacent rings com- 
municate by oblique passages. Above and below this layer are 
numerous layers of smaller chambers ; these chambers are flattened 
and irregular in form, placed one above the other in piles, and 
arranged more or less concentrically. The test is minutely per- 
forated, and canals traverse the septa and marginal cord, as in 
Nummidites ; the septa are also formed of two lamellcTD. Chalk to 
Miocene ; chiefly Eocene. Ex. 0. papyracea^ Eocene. 


Distribution of the Foraminifera, 

The majority of the Foraminifera are marine, most of 
them living on the sea-bottom. A few however, as for 
instance Glohigenina, exist at or near the surface in the 
open ocean, and these are very important on account of 
their abundance. The distribution of the Foraminifera 
which live in {he open ocean, as wejl as those found in 
shallow water, is^ influenced largely by temperature ; thfe 
former are foore numerous in^the ocean-currents 

than in colder. Xvater, wh^st the species of the latteV often 
have their range determined by temperature. • 

The Foraminifera found in the Palseozoio deposits are 
mainly vitreous and arenaceous forms. They appear first 
in the Lower Cambrian rocks, but*are comparatively rare 
until# the Carboniferous, in which some beds are formed 
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largely of their sheila, as for instance, the Saccammimi- 
limestone of the north of England and Scotland, •the 
JS?«cZoiAym-limestone of North America, and the Fusulina- 
limestone of Russia, China, Japan and North America. 
The Foraminifera are mostly of small size in the Permian 
ot England ; they arc comparatively nirS in the Trias, but 
t)ecome abundant in the Jurassic, where, however, rock- 
building types are generally absent. In the Lias the 
introduction of numerous vitreous species {Nodosaria, 
Cristellaria etc.), many of which appear to be allied to 
forms now living in tropical or warm-temperate regions 
only, is noteworthy ; some porcellanous forms belonging to 
the Miliola group are also fairly common. A larger number 
of genera and species fire found in the Middle and Upper 
Jurassic than in the Lias. 

The Order continues to be well represented in the 
Cretaceojjp formations, particularly in the Gault and 
Chalk — Orbitolina, Calcarina, Olobigerina, Rotalia etc. 
being common. Some beds of the Chalk, especially the 
Mierdster zones and the Chalk Rock, are largely composed 
of Foraminifera such as Globigerina, Textularia, Bolivina, 
Flabellina, • 

The Foraminifera attain their greatest development 
in Tertiary and recent times. In the Eocene deposits 
Nummulites is oftep extremely abundant pnd of large size, 
Terming the greater part of the massive Nummulitic 
Limestone of Europe, Egypt, A^a Minor, and 

the Himalayas ; Miliola, Orbitol^tes, Alvedlina, Operculina, 
and Orbiioides ^s,VQ also important rock-building forms in 
the Eocene ^period. In the EnglisluEocene, Foraminifera 
are numerous' in the Thauet Sands and the London 
Clay ; in the Barton and Bracklesham Beds Nurnmnlites,"" 
Miliolina, Alveolina etc. occur. Amphistegina is abundant 
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in the Miocene. A large number of forms occur in the 
Pli<?cene deposits of East Anglia and of St* Erth in 
Cornwall. 

The genera and species of the Foraminifera have 
generally, as might be expected from their low organisa- 
tion, a long range* in time ; some of the species which occur 
in the Pateozoic are still living. 


ORDER II. BADIOLARIA 

In the Radiolaria the body consists of a central mass of 
protoplasm, enclosed in a membrane known as the central 



Fig. 5. Heliospheera inermis, x350. Recent (After Biitschli/) 1, 
skeleton ; 2, central capsule ; 3, nucleus. Fscudopodia project fronl 
the surface. » , . 


capsule (fig. 5, 2^. The iptracapsular protoplasm contains 
one or moie nuclei, and is continuous, through pores in 
the capsule, with a layer of protoplasm outsde the cap- 
sule; this layer gives off thread-like pseudo^odia, which 
occasionally unite. A skeleton (fi^. 5, i) is generally 
present, composed either of silica, or ‘^a peculiar homy 
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substance known as acanthin. The form of the skeleton 
varies considerably (fig. 6) ; it may be entirely outside’the 
central capsule or partly within, and consists either of 
isolated spicules, or of a lattice-like or reticulate structure 
of varying shape, frequently with projecting spines. 

^ The Radiolaria do not live in fresh water, but they 
have a very wide distribution in the sea, where they are 
found in all climates and at all depths, showing the 
greatest variety of form in tropical regions. In some of 
the deeper parts of the Pacific and Indian Oceans the 



Fig. Fossil Radiolajia. At Lithocampe ts^h'erupschewi, Devonian. 
• R, Trochodiscus Carboniferous. C, Podocyrtis schom- 

hurgkit Barbad os Ij^ rtli (Tertiary). All largely magnified. 

empty shells of these animals seirtle and accumulate on the 
sea-bottoA, forming a siliceous deposit known *as ‘ Radio- 
larian o4ze.’^* Only those Radiolaria* in which the shell 
consists of silica are preserved* as fossils. 

Gayeux has described as Radiolaria some bodies found 
in the Pre-Cambrian rocks of Brittany; they are •much 
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smaller than later forms of the group, and are thought by 
some authors to be simply inorganic aggregations. 

In Britain the earliest examples of the Radiolaria 
occur in the Ordovician rocks of the south of Scotland, 
where they form beds of chert ; others which are perhaps 
of nearly the same age, have been found in a chert froip 
Mullion Island (off the west coast of the Lizard). A few 
specimens have been noticed in the Carboniferous Lime- 
stone of Flintshire, whilst in the Lower Culm of Devon 
and Cornwall these organisms contribute largely to the 
formation of thick beds of siliceous rock (cherts, etc.). At 
several localities on the continent Radiolaria are fairly 
common in the Mesozoic formations, but in England only 
a few have been recorded from the Lias, the Lower Gfreen- 
sand, the Upper Greensand, the Cambridge Greensand, 
and the Chalk. In the Tertiaiy some have been obtained 
from the London Clay of Sheppey. A veLy^’mportant 
Radiolarian formation of late Tertiary age covers large 
areas in the Island of Barbados, and is known as the 
‘Barbados Earth’; it resembles very closely the modem 
Radiolarian ooze mentioned above, and is probably a deep- 
sea deposit. ' 



PHYLUM PORIFEllA 

Classen. Orders. 

1. Hexactinellida. 

/ 1. Myxospongida. 

I 2. CeratoBa. 

I 3. Monaxonida. 

• 2. DemospongisB 4. Tctractinellida. 

5. Lithistida. 

6. Octactinellida. 

^ 7. Heteractinellida. 

3.^^^Uiicarea (Calcispongiaa). 

Sponges vary greatly in form, size, and complexity of 
structure. A simple type is similar to a vase or hollow sac, 
fixed by the lower end, and with an opening or osculum 
at the upper extremity. The wall of such a sponge is thin, 
and perforated by a large number of pores through which 
water flows into the central or gastral cavity and passes 
out by the osculum^ by this means tha sponge is provided 
with food and oxygen and gets rid of waste matters. The 
wjill of the spoi^ge* consists of two layers — an outer or 
dermal and an inner or gastral \ the dermal (fig. 7, 2 ) is 
formed of "a surface-layer of flattened cells, with a^gelatinous 
layer b^ealSi containing various dfells, some of which 
secrete the elements of the skeleton. The gastral layer 
(fig. 7, 3 ) consists of a single layer of cells, each cell being 
provided with a collar-like projection, in the centre of 
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which is a long flagellum ; the circulation of water through 
the^ sponge is produced by the movements of these flagella. 
A simple form like that just described is foilnd in the 



Fig. 7. Vertical sectio^ through Leucosolenia. Highly *magoified. 
(From Minchin.) 1. Sieve-like membrane covering the osculum ; 
fi. Outer layer ; 3. Collar or flagellated C^lls (the pointer should have 
been continued to indicate the cells lining 5) ; Spicules; 5. Oastral 
cavity. 
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young stages of many sponges which afterwards, in their 
adult condition, are much more complex. Owing to^he 
growth of the sponge- wall being unequal in different parts, 
either folds or tube-like projections are formed, and these 
subsequently become more or less completely fused, so 
that the wall is much thickened (fig. 8)* and is traversed 
6y canals which are really spaces enclosed between the 
folds and outgrowths. In such forms the flagellated cells 



Fig. 9 . Section of a portion of Grantia. Highly *magnified. (From 
Bendy.) 1. Openings of inhalent canals ; , 2. Inhalent canal ; 
3. Openings of i^J^lent canals into flagellated chafiiber ; 4. Flagel- 
* lat^ chamber; 5. Collar cells; 6. Spicules; 7.«£xhalent openii^g 
of flagellated chamber. • 

• • 

are frequently confined to chamber!? in the sponge-wall 
(fig. 8, 4 ). Canals, called incwrrent or inhalent canals ( 2 ), 
pass from the surface o*f the sponge to these chambers, ^nd 
others, the excurrent or exhalent canals, may lead from the 


w. p. 
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chambers and open into the gastral cavity^ Further 
complications, such as branching of the canals, may occur. 
The thick wall of these more complex sponges* is formed 
mainly of the gelatinous layer. 

In a sponge consisting of a single individual, the form 
depends mainly on the relative rates of growth in different 
directions, and may be cylindrical, vase-like, globular, 
discoidal, etc. In a compound sponge the form depends 
also on the way in which the young individuals of the 
colony are attached to the parent, and in addition, on their 
remaining free or becoming fused together ; in the latter 
case the individuals of the colony are frequently dis- 
tinguishable by their oscula only; when the individuals 
remain free, arborescent or bushy colonies may result ; if 
they become fused, the sponge may be fan-shaped, funnel- 
shaped, cup-like, tubular, mushroom-shaped, massive, en- 
crusting, etc. ^ 

Nearly all sponges are attached to some foreign object 
— generally by the base of the sponge, but in forms which 
are fixed in the mud, especially deep-sea forms of the 
Hexactinellida, and in some Tetractinellida, this fixation is 
by means of a root- tuft or rope of long spicules. 

In nearly all sponges there is a skeleton, which serves 
to support the canals and chambers and also for protection. 
This skeleton may consist of fibres of a horny substance, 
similar to silk in composition, and known as spongin\ 6r 
of mineral particles, termed spii^les (figJB, e), composed of 
carbonate of lime or of colloid silica ; or it may consist of 
both siliceous spicules and spongin. Those fcrms only 
which have either a siliceous or calcareous, skeleton are 
definitely known as fossil^. Each spicute tonsists of a 
number of rays or arms, coming off from a centre, which 
is the point where the formation of the Spicule commenced. 
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In som^ groups, as for instance in the Monaxonida and 
Tetractinellida, the spicules are not united or are joined 
by spon^n only ; but in others they are fused together or 
interlocked so as to form a complete scaffolding, and 
generally it is in these only that the eternal form of the 
^sponge has been preserved in the fossil state. In most 
siliceous sponges, two kinds of spicules may be distin- 
guished, the skeletal-spicules or megascleres which build 
the main part of the skeleton, and the flesh-spicules or 
microscleres which are smaller and isolated and are seldom 
preserved as fossils. In the axis of each spicule there is 
a canal known as the aodal canal (fig. 9, c), which in the 
living sponge is occupied by a thread of organic matter ; 
this IS the first part of the spicule to be formed, the mineral 
matter being subsequently deposited around it. 

The spicules of recent siliceous sponges ai;e characterised 
by the appearance of their surfece, and by the silica 
being colloidal, isotropic, and soluble in heated caustic 
potash. But in the fossil state the spicules have generally 
undergone considerable change ; occasionally their silica 
is still colloidal but the surface has no longer the glassy 
appearance, and the axial canal is frequently filled with 
secondary silica in a crystalline or crypto-crystalline con- 
dition, and is consequently easily distinguished by the aid 
of plWarised light when the spicule ntsdf still remains 
colloidal. Generally, however, the spicule, has become 
crystaljiine or cryfJto-crystftlline, and in suc];i cases the axi^l 
canal can rarely be detected since it is filled with material 
in the sante condition. Sometimes the silica of tlie spicules 
has been* entirely removed, a hollow cast only remaining; 
in other cases it is replaced "by another mineral, as^ for 
instance by calcit^ in the sponges from the Lower Chalk 
of Folkestone, by iron pyrites in Protospongia from the 

3 ^ 2 : 




Fig. 9. Sponge spicules (skeletal), a, mohaxonid, HalwhonUria panicea, 
Kecent. 6, tetractinellid, Pachastrella, Upper Greensand, c, te- 
" tractinellid, Geodites, Eocene, d, litnistid, Scytalia radiciformu. 
Chalk, e, lithistid, Seliscothon mantelli, tf, hexactinellid, Calop- 
tychium agaricoides. Chalk, g, octactinellid, Silurian. 

heteraotinellid, Asteractinella expansa. Carboniferous, calci- 
sponge, Grantia campresaat Beoent. jflJl. magnifidd^ 
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Meneyian Beds of St David’s, by iron peroxide in the 
sponges of the Upper Chalk of the south of England, •and 
by glauconite in some from the Upper Greensand. 
Obviously then, the colloidal silica of recent sponges is 
anything but a stable substance, thus differing widely 
from crystalline and crypto-crystalline siBca. 

* The spicules of the calcareous sponges are usually 
smaller than those of the siliceous forms, and their material 
is not in an isotropic state, but each spicule possesses the 
optical characters of a crystal of calcite ; consequently in 
polarised light these spicules are readily distinguished 
from unaltered siliceous forms, which appear dark between 
crossed Nicol’s prisms. Then again the fossil calcareous 
spicules have undergone much less chemical change than 
the siliceous ones; generally they are still composed of 
carbonate of lime, for it is only in rare cases that this is 
replaced by^ silica. The external form of •the individual 
calcareous spicules is, however, often less well preserved 
than in the case of siliceous spicules. 

The forms of sponge spicules, both megascleres and 
microscleres, are very varied, but they can be shown to be 
modifications of a small number of typi^s or fundamental 
forms. The spicules, on account of the constancy of their 
characters, are of great importance in the classification of 
sponges. 

• The canal-system is indicated in the skeleton of both 

recent and fossil forms, ^by spaces in the •framework of 
spicules or spongin, but these spaces represent only the 
larger cabals, ^the smaller existing in the •soft parts 
alone. • • , 

Reproduction in the spoqges takes place by budding 
and by the production* of ova and spermatozoa. • 

Various classifications of the sponges have bee®L pro- 
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posed by diflFerent authors ; in the one adopted here the 
divii^ions are based primarily on the characters of the 
skeleton. Three classes are recognised, (1) Hexactinellida, 
(2) Demospongise, (3) Calcarea. 


CLASS I. HEXACTINELLIDA 

The spicules in the Hexactinellida (fig. 9, f) consist 
of three axes crossing at right angles to one another ; in 
primary forms there are consequently six rays of equal 
length proceeding from a centre. Each ray is traversed 
by an axial canal, and these unite at the point of junction 
of the six rays. Various modifications are produced by 
some of the rays being longer or shorter than the others, 
or almost absent ; and also by the branching of the rays 
and the occurrence of spines, knobs, etc. The snicules may 
remain free or they may be fused with one another by 
a deposit of secondary silica, but they are never united by 
spongin. When spicules with equal rays are united end 
to end, skeleton-cubes are formed, each cube consisting of 
eight spicules (fig. .9,/). Flesh-spicules are abundant, but 
are seldom found fossil. Some of the spicules form a layer 
near the external surface of the sponge for the support of 
the dermal membrane ; others form a similar layer near, the 
internal surface ; the spicules which constitute the main 
part of the skeleton occur in the middle of the sponge-wall 
and serve to support the canals and flagellated chambers. 
The spicules which form the root-tuft by whi^h many 
Hexactinellids are fixed, are long and thread-like. The 
canal-system is usually simple. • ' 

The earliest form is Protospongiu from the Menevian 
Beds qf St David’s; Hyalostelia is found* in the Tremadoc, 
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and also occurs in the Ordovician, Silurian, and Car- 
boniferous. In the Silurian the genera Dictyophyton ^d 
Phormosetla iare present. There are none in the Permian 
and Trias, but they become abundant in the Jurassic, 
especially in the upper part, and also in the Cretaceous ; 
they are rare in the Tertiary. 

Protospongia. (fig. lO.) Form imknown but probably cup- 
shapcd. Spicules cruciform owing to the reduction of one axis, and 
arranged in a quadrate manner, the larger forming a framework, 
which contains the smaller spicules of two or three sizes, arranged in 
the same regular way, so that the larger squares enclose four or five 
series of smaller ones. The spicules were either free or probably 



Fig. 10. Protospongia feiustrata, Menevian BedS, St David*8. x3j. 
(After Hindc.) The original is in the British Museum. Owing to 
the cleavage of the rock the angles of the spicules are distorted. 

partlji fused together. Menevian Beds and Lingula Flags. Ex. 
A fenestrata. * 

Graticularia. Cup-shaped or cylindrical ; simple or branch- 
ing. On both the inner and outer surfaces of the wall are circular 
or oval canal-openings, which are arranged in vertical and transverse 
rows croiMinl; each uther at right angles. Canals straight, "terminating 
blindly. IJiferibr Oolite to Upper Chalk ^perhaps also Miocene). 
Ex. C. fittoni, Chalk. , 

VentriculiteB. Simple, form variable, but usually T^up- 
shaped, funnel-shaped, or cylindrical. Central cavity largB and 
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deep. Walls folded so as to form a series of vertical grooves and 
ridg^. Canal-system well developed ; the radial canals arc large and 
start from the central cavity, but end before reaching the outer sur- 
face ; others start from the outer surface and end before reaching the 
central cavity. Spicules six-rayed and fused with one another so as 
to form a mesh-work. The node where the axes cross is hollow, having 
the form of a negative octahedron, the central part of each face of 
which is absent ; the axial canals cross in the centre of the octa- 
hedral space. The sponge was provided with a root consisting of 
siliceous fibres. Chalk. Ex. V. radzatus, V. impressus. 

Plocoscyphia. Sponge formed of tubes and laminso which 
anastomose, forming an irregular or rounded mass. Canal-system 
imperfect. Upper Cretaceous. Ex. P, fenestrata^ Upper Greensand 
and Chalk Marl. 


CLASS II. DEMOSPONGIiK 

The skele^ton consists of siliceous spic‘Jqs, or of 
spongin, or of both spicules and spongin. In some forms 
there is little or no spongin, but in others the entire 
skeleton consists of spongin with no siliceous spicules; 
between these extremes there is a complete passage. The 
spicules are neveirof the hexactinellid type. In some few 
cases both spicules and spongin are absent. 

Order 1. Myxospongida. Sponges with no skeleton 
or occasionally with a few isolated spicules. Not knowp 
in the fossil sjiatei 

Order 2. Ceratosa. Sponges with a skeleton 
composed pf a fibrous network of spongin. TJiis Order 
includes the ordinary bath sponges, etc., ancl is pnknown 
in the fossil state. • 

Order 3. Monaxonida. The* skeleton is formed of 
spongin and spicules in varying proportions. The spicules 
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(fig. 9, consist of a single rod or axis, which may be 
straight or curved, and with sharp or blunt ends; each 
spicule mlay consist of two rays or of one ray only. In the 
former the two ends of the spicule are alike and there 
is a small swelling of the axial canal at the centre of the 
^icule where growth commenced; in tSe latter the two 
ends are dissimilar and the swelling in the axial canal is 
at one end of the spicule, and growth went on in one 
direction only. Microscleres or flesh-spicules may also 
occur but are often absent. Since in this Order the 
spicules are only united by spongin or other decomposable 
material, it is extremely rare to find the form of the sponge 
preserved fossil ; usually, detached spicules only occur. 

The earliest representatives of the Monaxonida are 
found in the Silurian ; the Order becomes more abundant 
in the Carboniferous, where the genus Renm^a occurs. 
The frei^^:??ter form Spongilla is found ill the 'Purbeck 
Beds of the south of England. A large number of Mon- 
axonid sponges are still living. 

Order 4. Tetractinellida. The spicules (fig. 9, 6, c) 
consist of four rays given off from a common centre, the 
angle between the rays, when the end of one is taken as 
a central point, appearing to be 120”. The rays may be 
equal or unequal in length ; frequently one is very much 
felongated (fig. 9, c), and in such forms the three shorter 
rays are placed near thq surface of the sponge-wall and 
the lohger ray is directed inwards. Someliimes the termi- 
nations of thq rays are bifurcated. Spongin is either 
absent or occurs in minute quantities only, and since the 
spicules ar5 not united, tl;e Tetractinellids, like the 
Monaxonids, are seldom preserved in anything like a 
perfect condition* as fossils. The oldest forms occur in 
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the Carboniferous Limestone, where they are represented 
by tjie genera Oeodites and Pachastrella, 

Order 5. Lithistida. The Lithistids have thick 
stony walls and very variable external form. The spicules 
(fig. 9, d, e) are stout and irregular in form, but sometimes 
show four rays; the extremities branch or expand, an(^ 
by that means the spicules become firmly interlocked 
with one another, but do not fuse together. These 
irregular spicules (sometimes termed desmas) are formed 
by secondary silica being deposited on small spicules of 
the ordinary kind, which may be four-rayed or consist of 
a single axis. In addition to these irregular spicules there 
is generally a surface layer or cortex formed of trifid 
spicules like those in the Tetractinellids. Flesh-spicules 
are also present. Several different types of canal-system 
occur. The Lithistids are closely allied to the Tetracti- 
nellida, and are sometimes regarded as a divisSon of that 
Order. 

Owing to their solidity the Lithistids are preserved 
abundantly as fossils. They are rare in the Palaeozoic; a 
few are found in the Upper Cambrian of Canada ; in the 
Ordovician and Silurian Astylospongia occurs; in the 
Carboniferous DoryderTna, etc. No forms belonging to 
this Order have been found in the Devonian, Permian, or 
Trias; they are,. numerous in the Jnrassic, attain Ufaeir 
maximum in the Cretaceous, and are scarce in the 
Tertiary. ' ‘ ^ . 

VemiCUlina. Irregular, fan- or funnel-shaped, attached by 
a short stalk.*' Oscula placed on prominent elevations on*' the upper, 
and sometimes also on the under surface. Spicule)^ sm^ll, inter- 
lacing and forming a fibrous netwprk. Ex. V. reusii^ Upper Chalk. 

c 

Pachinion. Cylindrical or club-shaped, tapering at its lower 
part to«a short stem. Central cavity large an^ deep, with vertical 
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canals opening into its base. Wall formed of anastomosing fibres, 
between whi^h are irregular spaces— there are no distinct canals ; 
fibres formed of large spicules, branched and interlaced. There is 
also a surface layer composed of small spicules. Chalk. Ex. P, 
sGTvptum^ Upper Chalk. 

Scytalia. Simple, or formed of two or^more individuals 
growing close together ; cylindrical or club-shaped, with a thick 
wall and a cylindrical stem. Central cavity tube-like, long, con- 
tinued at its base by several vertical canals ; numerous radial 
canals open into the central cavity and taper toward the external 
surface. Spicules branching, with root-like prolongations. Chalk. 
Ex. S. radiciformis. 

Seliacothon. Mushroom-like, consisting of a flat or concave, 
circular, plate-like body, and a rounded tfipcring stem. The circular 
body has rounded or oblique edges, and numerous, small, rounded 
oscula on the upper surface ; it is formed of fine vertical radiating 
lamellae, separated by spaces crossed by fibres — these spaces forming 
the canal-system. Spicules fine, branching irregularly, with bifur- 
cating extremities, and covered with tubercles or spines. Chalk. 
Ex. S, pla'fius. 

Doryderma. Cylindrical, pcar-slia^^ed, sometimes branching. 
There are parallel vertical canals opening at the summit of the 
sponge, and smaller radial canals extending from the surface towards 
the centre. Spicules large, of various forms ; also a surface layer 
formed of slender trifid spicules. Carboniferoiis and Cretaceous. 
Ex. D. hmetti, Upper Greensand. 

Siphonia. (fig. ll.) Pear-sha][>ed, usually provided with a 
stalk, ^hich is given off^from the broad end of the body and termi- 
nates in rootlets. The incurrent canals are small, slightly curved, 
and extend radially from the centre of the sponge to thS surface. The 
excurrent canals are larger, and are arranged parallel with the surface 
of the sponge, extending from the base to the summit, ^vhere they 
open into the large central cavity by means of a series of parallel 
ostia. The* skeletal-spicules possess four rays with bifurcated and 
expanded extremities, by means of which they are interlocked. 
Upper Greensand to Upper Chalk. Ex. 8, tuUpa^ Upper Green- 
sand. * • 
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Halllrhoa. Like Siphonia but with the sides divided into 
lobes. Upper Greensand. Ex. costata. ' 

Order 6. Octactinellida. The spicules (fig. 9, g \ 
consist of eight rays, six of which are in one plane 
diverging at eqi^al angles, while the other two are at right 
angles to this plane, forming a vertical axis. Frequen%, 
however, the vertical axis is only slightly developed or 
altogether absent. The spicules are not united. The 
only genus is Astroiospongia^ found in the Silurian and 
Devonian. 



Fig. 11. Siphonia tulipa. Upper Greensand, Warminster. A, vertical 
section. B, horizontal section, e, excurrent canals ; incurrent 
canals, x 

Order 7. Heteractinellida. yhe spicules are un- 
usually large (fig. 9, h), the number of rays varying from 
six to thirty. The body spiculps are- not fused, but there 
is a surface layte in which the spicules are interwo^'en and 
more or less fused. The only genera ai;e Tholiasterella 
and Asteractinella, found in the Carboniferous rocks of 

^ c 

Ayrshire. ' ‘ 
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CLASS III. CALCAREA 

(CALCISPONGIiE) 

The skeleton consists of spicules composed of carbonate 
of lime in the condition of calcite. The spicules are 
usually much smaller and less varied in form (fig. 9, j) 
than those of the siliceous sponges, and cannot be separated 
into megascleres and microscleres. There are three kinds, 
the simple uniaxial, the three-rayed, and the four-rayed ; 
they are sometimes fused with one another, but often are 
either arranged close together so as to form fibres, or are 
loosely distributed. Spongin is never present. The earliest 
British forms of the Calcarea occur in the Carboniferous 
rocks of Fifeshire. 

Peronidella. Cylindrical, simple or branched ; central cavity 
tubular and extending from the summit to the base of the sponge. 
Walls thick and with no definite canals, but having irregular spaces 
between the spicular fibres. Spicules three- or four-rayed, forming 
anastomosing fibres. Carboniferous (possibly also Devonian) to 
Cretaceous; most abundant in the Jurassic and Cretaceous. Ex. 
P. pistilUformU^ Great Oolite and Cornbrash. 

• 

Form similar to Peronidella. Radial excurrent 
canals open into the central cavity, which often does not extend to 
the base of the sponge, but is continued downwards by vertical 
canalS. Incurrent cana4s fine, directed obliquely (k)wnward. Osculum 
usually with radial furrows. Jurassic and Cretaceous (? Trias). Ex. 
C.Joraminosa^ Lower Gh:eens(g;id. • 

Holcospongia. Simple or egmpound : individuals usually 
spherical, hemispherical, or club-shaped ; their summits rounded, 
with a ceiitraUarea in which a number of excurrent canals open, 
and from* which* furrows extend down the sides of the sponge. 
Spicules large and three-r^ed, and*Bome also filiform ; and a surface 
layer of three-raye<|* spicules, of various sizes, felted together. 
Inferior Oolite to Cretaceous. Ex. H. polita, Corallian. • 
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Rhaphldonema. Cup- or funnel-shaped or leaNike, usually 
wi^h definite canals. Oscula on either the inner or the outer 
surface. Spicules of three rays, one of which is but slightly 
developed. On one (or sometimes both) surfaces is a thin, compact 
or finely porous layer of spicules. Trias to Cretaceous. Ex. 
R, mcLcropora^ Lo\yer Greensand. 

Barroisia. Usually compoimd and bushy. Individuals cy- 
lindrical, each divided into a series of chambers by transverse 
partitions, which have a central circular opening, through which 
a tube usually passes. Canals simple, numerous, minute. Spicules 
slender, three-rayed ; also a surface layer of larger spicules. Lower 
Greensand to Chalk. Ex. B. aimstomayis^ Lower Greensand. 

Porosphaera. Small simple sponges, commonly more or less 
spherical, but sometimes pear-, thimble-, or melon-shaped ; often 
free, but sometimes attached to foreign bodies. Numerous, simple, 
straight, radiating canals open at the surface by minute apertures. 
Spicules with four rays, of which three are short and blunt and fused 
to the rays of adjoining spicules, whilst the fourth ra^ is longer and 
tapering. A surface layer (not often preserved) consists of a mixture 
of minute three- and four-rayed spicules and simple rods. Upper 
Cretaceous. Ex. P. glohularis^ Chalk. 


Distribution of the Porifera, 

The Sponges are all aquatic, and with the exception of 
the Monaxonid "genus Spongilla and its allies, all marinb. 
They are fouEd iii the seas of alljparts of the world and are 
more numerous between the shore-line and 200 fftthoms 
than at greater depths; many of the geneisa have a 
very wide distribution. All the Orders except the Octac- 
tinellida and the Heteractinellida have living repre- 
sentatives. The Monaxonids are Abundant between the 
shore-line and 200 fathoms, and gradually decrease in 
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numbers beyond that limit. The Tetractinellids are also 
common *in water of less depth than 200 fathoms, 4)ut 
extend down to 2000 fathoms. The Lithistids range from 
to 1075 fathoms, and are most abundant between 100 
and 160 fathoms. The Hexactinellids occur in deeper 
water than the Lithistids, being found tlown to a depth 
8f 2900 fathoms ; but they are abundant between 100 and 
200 fathoms, and again between 300 and 700 fathoms. 
The Calcarea are mainly shallow water forms. 

The fossil forms are comparatively rare in the Paljeozoic 
rocks until we reach the Carboniferous; and throughout 
the geological formations they are much less abundant 
in argillaceous than in calcareous and arenaceous rocks. 
Sponges are first found in the Lower Cambrian rocks ; the 
earliest British form is Protospongia from the Menevian 
Beds and Lingula Flags; in the Tremadoc the Hexacti- 
nellid genus Hyalostelia occurs, ranging onA^ards as far as 
the Chalk. In the Ordovician we have in the Llandeilo 
Beds the first appearance of Ischadites\ associated with 
Hyalostelia ; in the Bala Beds we meet with Astylospongia, 
The most abundant Silurian form is Ischadites; Astrwo- 
spongia, Phormosella, and Hyalostelia alsio occur. Sponges 
are rare in the Devonian, but Astroeospongia, Sphcero- 
spongia^, and Receptaculites^ have been recorded. In the 
Carboniferous rocks^ sponges become much more common, 
the siliceous spicules often forming tliick beds of chert: 
the Monaxonids are»reprqgented by JRewiera,*the Tetracti- 
nellids* by Geodites, the Lithistids by Boryderma; the 

• • • 

^ The sijonge-character of the Silurian and l^evonian genera Ischaditesy 

Receptaculi^est |nd Spharospongiat which have been placed by some 
authors in the Hexactinellida, is now disputed ; if they are sponges it is 
probable that they belong to the Calcarea, since their skeleton appeal's to 
have consisted originalljr of carbonate of lime« ^ 
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Hexactinellids by Hyalostelia^ and the Heteractinellids by 
TJwliasterella and Asteractinella. Sponges appear to be 
absent in the Permian ; and they are rare in the Trias, 
except in the St Cassian Beds of the Tyrol, where the 
Calcarea are numerous. 

In the Jurassic, sponges are extremely abundant ; the 
only Monaxonid is Spongilla from the Purbeck Beds; 
Lithistids and Hexactinellids although common in Ger- 
many and Switzerland are comparatively rare in England ; 
the first group is represented by Platychonia, the second 
by Craticularia, Verrucocoelia, etc.; the Calcarea are 
numerous in this country as well as in France and Ger- 
many, common genera being Peronidella, Gorynellay and 
Holcospongia. The occurrence of Hexactinellids in the 
Inferior Oolite is noteworthy, since other evidence shows 
that that deposit was laid down in shallow water, but at 
the present day Hexactinellids are characteristic of deep 
water. 

Sponges are more abundant in the Cretaceous than in 
any other system ; in England they are found chiefly at 
four horizons : — (1) in the Lower Greensand of Faringdon, 
Upware, Kent, ard Surrey, where the Calcarea are much 
better represented than the other groups, Peroniddlay 
Barroisia, and Ehaphidonema being common forms : 
(2) in the Upper Greensand and Chloritic Marl of.AVar- 
minster, Blackdown, Haldon, and the Isle of Wight, where 
the Lithistids (e.g. Doryderma,, Siphonia, Hallirhoa) are 
very 'abundant, exceeding the Hexactinellids {e.g. Graticu- 
lariay Ploooscyphia, Stauronenia) ; the C^lcaraa are also 
common in places : t(3) in the Lower Chalk of 4;he south 
of England, where we find Siphonia, Craticularia, Stauro- 
nema, Plocoscyphia, etc.; the Calcarea are rare: (4) in 
the Upper Chalk, where the siliceous sponges are very 
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common ; .amongst the Lithistids the following occur : — 
Seliscothon, Verruculina, Scytalia, Doryderma, and Siphonda ; 
the Hexaotinellids are represented by Graticularia, Verru- 
cocceliaf Ouettardia, Ventriculites, Gephalites, Plocoscyphia, 
and Gamerospongia] the Calcarea are represented by 
Porosphcera, In the Tertiary formations detached spicules 
are sometimes abundant, but few perfect sponges have 
been found. 


w. p. 



PHYLUM CCELENTEKA 


Classes 

1. Hydrozoa... 


2. Scyphozoa 

(Scyphomedusao) 

3. Anthozoa or Actiuozoa 

4 . Ctenophora (not fossil). 


Orders 

' 1. Gymnoblastea. 

2. Calyptoblasiea. 

3. Graptolitoidea.^ 

4. Hydrocorallina. 

5. Stromatoporoidea. 

6. Trachomedusce (not fossil). 

7. NarcomeduBSB (not fossil). 

, 8. Siphonophora (not fossil). 

1. Stauromedusffi (not fossil). 

2. PcromediisBB (not fossil). 

3. Cubomedus8B (not fossil). 

4. Discomedusae. 

1. Zoantharia. 

2. Alcyonaria. 


The Coelentera include hy droids, jelly-fishes, sea-anemones, 
corals, and allied forms. The individuals are radially 
symmetrical, and have only one internal cavity^, the 
ccelenteron, which opens to the exterior by the mouth. 
The body-wall consists of an oq,ter layer of cells, the ecto- 
derm, and an ihner layer, the endoderm ; between these is 
a gelatinous layer — usually quite thin, but ii\ the jelly- 
fishes of considerable thickness. Stinging cells «known as 
nematocysts or thread-cell§ are generally' present in the 
ectoderm. The canal-system, so‘ characteristic of the 
sponges, is absent. 



HYDBOZOA 


61 


This Phylum is divided into four classes, (1) Hydro- 
zoa, (2) Soyphozoa or Acalephte, (3) Anthozoa or Actinoiba, 
(4) Ctenophora. 

• 

CLASS I. HYDBOZOA 

• 

The simplest type of the Hydrozoa is the common 
freshwater Hydra, In this the body has the form of an 
elongated sac, about a quarter of an inch in length, and is 
attached by one end, whilst at the other is the mouth 
surrounded by a row of long processes, called tentacles. 
The large undivided cavity in this sac, which opens into 
the hollow tentacles above, is the coelenteron. The whole 
body is very contractile and constantly changing its shape. 
Reproduction may take place in three ways, (1) by the 
growth of buds, which ultimately separate from the parent, 
(2) sexually, by the production of ova and spermatozoa in 
the ectoderm, and (3), in rare cases, by fission. 

Other Hydrozoa consist of a number of individuals 
(pol 3 ^s or hydranths) similar to Hydra, but growing 
together as a colony (fig. 12); all the individuals in such 
cases are placed in living communication by means of a 
tube-like extension from the base of each polyp; this 
common connecting portion of the colony is called the 
ccmo si^ c (fig. 12, 6).* Frequently the eoeRosarc is much 
branched, giving rise to tree-like forms; it is usually 
attached to some foreign object by a horizoptal branching 
portion.* • 

In such*hydroid colonies the polyps are aseiual, and 
the reproductive, elements are produced in another in- 
dividual of a somewhat diffefent character, known as 
a medusa or gonop}\fire : this arises by budding from the 
hydroid (fig. 12, 9), and is often more or less bell-ghafed, 

. 4—2 
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and may become detached from the colony, or it may be 
less perfectly developed and remain attached; at the inner 
edge of the bell is a shelf-like fold, the velum. The 
generative cells are of ectodermal origin, and from them 
the hydroid de^^elops. 

Hydra possesses no hard parts, but in other forms 
an external skeleton composed of chitin or of carbonate 
of lime is secreted ; it commonly forms a tube-like sheath 
around the coenosarc and is called the perisarc (fig. 12, e). 
In one group the perisarc is produced at the base of 
each polyp into a cup-like structure or hydrotheca (fig. 
12, 7), into which the polyp can retract. The gonophores 
may also be protected by a chitinous capsule called the 
gonotheca or gonangium (fig. 12, lo). The vertical branch- 
ing part of the coenosarc together with the perisarc 
around it, is called the hydrocaulus ; the horizontal root- 
like portion and its perisarc form the hydrorhiza. 

The principal characters which distinguish the Hydrozoa 
from the other Coelenterates are: the coelenteron being 
undivided by radial partitions or ridges ; the absence of a 
digestive tract projecting into the coelenteron ; the usual 
occurrence of afi asexual (hydroid) generation alternating 
with a sexual (medusoid) generation ; the medusa having 
a velum ; the ova and spermatozoa being derived from the 
ectoderm. • • 

Nearly all the Hydrozoa are marine. They are divided 
into eight Orders, of which five occur fossil : — (1) Gymno- 
blastea, (2) Calyptoblastea, (3) Graptolitoidea, (4)*^ Hydro- 
corallina,*'(5) Stromatoporoidea. ^ 

A I* 

ORDER I, , QYMNOBLASTEA * 

The Gymhoblastea have no hydro^hecse into which the 
polyps, can retract ; gonangia (gonothecae) are also absent. 
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Well-known living forms are Tubularia, Bougainvillea^ 
and Hydractinia, The last has been found fossil* in 
Eocene and later deposits ; it forms a crust over the 
shells of gasteropods, especially those tenanted by Hermit- 
crabs. The hard part of this crust is chitinous, or rarely 
calcareous, and consists of laminae separated by irregular 
or cubical spaces and crossed by vertical pillars; on the 
surface are projecting spines. The soft parts form a 
layer over this skeleton, and consist of a sheet of ecto- 
derm on the surface, and another sheet next the skeleton ; 
between these are branching and anastomosing ccenosarcal 
tubes. The skeleton is secreted by the lower ectoderm. 
From the coenosarc arise the polyps, which are placed on 
long Vertical stalks and are of four kinds, (l)gastrozooids — 
the ordinary nutritive individuals, (2) blastostyles, which 
are individuals specially modified for bearing medusae, 
(3) dactylozooids — individuals modified for "catching prey 
and having short knob-like tentacles crowded with nemato- 
cysts, (4) tentacular polyps, which are very slender, with- 
out a mouth, and occur near the edge of the colony. 

Parkeria, which is found in the Cambridge Greensand, 
probably belongs to this Order. A few* other forms have 
been described from the Alpine Trias and the Jurassic of 
southern Europe. 

ORDER II. CALYPTOBLASTEA 

• • 

• . . . . •. 

This Order is distinguished by the presence of hydro- 
thecae andgon^ngia (gonothecae). (Fig. 12, 7, lo.) 

The arrangement of the polyps and hydrothecae on the 
hydrocaulus Varies considerably in different genera. Some- 
times they are placed *on stalks as in Obelia (fig. 12) -and 
Campanularia] in many others they are sessile. ,They 
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Fig. 12. Part of a branch of Ohelia, Enlarged, l^o the left a portion 
is shown in section.' (After Parker and HasweU'.) ectoderm ; 
2, endoderm ; 3, mouth ; 4, poelenteron ; 5, coenoEtbro ; 6, perisaro ; 
,7, hydrotheca; 8, blastostyle, a mouthless polyp bearing medusa- 
buds ; 9, medusa bud ; 10, gonangium or gonothjBca. 
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may be in rows or placed in various positions on the 
hydrocaulus. In Plumularia, Aglaophenia, etc., they 
form a single row ; in Sertularia, etc. there are two rows 
placed on opposite sides of the branches. Sometimes the 
hydrothecss are close together, but more ^usually they are 
separated. 

In the Plumulariidae there are, in addition to the 
ordinary polyps, others which are solid and tentacle-like ; 
they are usually provided with nematocysts and are called 
nematophores ; each one is placed in a hydrotheca. 

Although the Calyptoblastea possess a well-developed 
chitinous skeleton, yet, with the exception of a form found 
in the Pleistocene, they are not definitely known to occur 
as fossils. In the Lower Palaeozoic, however, there are 
organisms (usually termed ^dendroid graptolites *) which 
present considerable resemblance to the Calyptoblastic 
hydroids ; the best known are Dendrograptus^ Ptilo- 
graptus, Dictyommaj and Callograptus, These are usually 
much branched and tree-like, and are fixed by a root-like 
structure; hydrothecaj occur, but no virgula is Jound. 
Transverse sections of Dictyonema and Dendrograptus 
show that some of the branches consist of a group of 
tubes of various sizes, somewhat resembling in this respect 
the recent forms Glaihrozoon and Grammaria. 

Bictymema Pictyograptus) is found in the Cam- 
brian, Ordovician, and Silurian, and has. a fan- or funnel- 
shaped skeleton which ^ijonsists of numerous radiating 
brancKes, placed nearly parallel with one another, and 
united by»transverse fibres. Dendrograptus occurs in the 
Ordovician, Oallograptus in the Arenig, and Ptilograptus 
ranges from the Arenig to the*. Ludlow Beds. 
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OBDER III. GBAPTOLITOIDEA 
\ 

The graptolites are found only in the Lower Palaeozoic 
rocks, where, owing to their abundance and to the limited 
range in time of both genera and species, combined with 
their wide geographical distribution, they are of great 
importance to the stratigraphical geologist. They occur 
most commonly in argillaceous rocks, especially in black 
shales, whilst they are rare in sandstones and limestones. 
The graptolites resemble the Calyptoblastea, e,g» Sertu- 
laHa and Pluinularia\ they were compound animals, 
and the soft parts were protected by a skeleton of chitin. 
But the original material of the skeleton is seldom preserved 
unaltered; in some cases it has been replaced by iron 
pyrites, but usually it has become carbonised. 

The entire skeleton (exclusive of the soft parts) is 
termed the polypary ; this in an unbranched form like 
Monograptus consists of a tubular part known as the 
common canal (flg. 13 b, c), which extends nearly the 
whole length of the animal, the wall being termed the 
periderm or perisarc. From one side of the common canal 
small tooth-like projections are given off ; these are the 
hydrothecce (fig. .13 b> A), each of which is hollow arid 
opens on the one hand into the* coinirion canal and on the 
other to the exterior; the latter aperture, known’' as the 
mouth (m) of the hydrotheca, is frequently cfa’cular, but 
sometimes quadrangular or slit-like. Embedded in the 
periderm on the side opposite to the row of hydrothecse 
is a' chitinous thread or rod, termed the virgula (fig. 13 b, a). 
In some species of Monograptus the virgula projects 
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beyond the distal^ end of the common canal. At the 
proximal end of the polypary there is a small conical bddy, 
termed the sicula (fig. 13, c, s\ which will be described 
more fully below (p. 61). 

The soft parts of the graptolites arc of pourse unknown, 
but from comparison with living hydroids which have a 
similar skeleton, we may consider it probable that each 
hydrotheca lodged an individual polyp, and that these 
were connected by means of the ccenosarc which occupied 
the common canal. 



Fig. 13. a, Portion of Monoyraptiis penonatm ; b„diagrammatic vertical 
section of the same ; c, Monograptm colonm, Coniston Grits, with 
sicula (s) ; d, Biplograptus foliaceuSy Llandeilo Beds, with virgula (a), 
and the position of the embedded sicula (s) indicated. All enlarged, 
apposition of virgula in wall of & ; c, common canal ; A, hydrotheca ; 
• m, mouth of hydrotheca ; s, sicula. 

« » 

In the form just ’described {Monograptusyth^ polypary 
is always simple, but in manyjgenera it ’consists of two 
or more branqhes or stipes. When there g-re several 

^ The ^joximal end is that which in recent* hydroids is attached ; the 
distal is the fr^e end. In the graptplites the proximal end is formed 
first, the distal end last. The side of the graptolite on which the hydro- 
"thecfls occur is spokem of as the ventral^ and the opposite side as the 
dorsal, • 
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radiating branches their proximal parts are sometimes 
enclosed in a homy sheath, termed the central disc, as in 
some species of Tetragraptus (fig. 14). In those genera 
which have two branches (fig. 17), the angle between the 
two is termed the angle of divergence) it is measured 
from the hydrothecal side of the dorsal wall of each branch. 
In some cases (e,g. Monograptus, fig. 13 c) the polypary 
possesses only a single row of hydrothecse, such forms are 
said to be uniserial ; others (e,g» Diplograptus, fig. 13 d) 
possess two rows on opposite sides of the polypary — these 
are the biserial forms, and they may have a single common 



Fig. 14. Tetragraptus headif Arenig Bocks, a, central disc, x i. 

canal as in Betiolites, or there may be two canals separated 
by a septum, as in Glimacograptus : in many forms of 
Diplograptus there is only one common canal, biit Others 
possess an incomplete septum which, to some extent, 
divides the canal into two parte. Iii Dicranograptus the 
proximal part of the polypary is biserial, whilst the distal 
part consints of two uniserial branches. • In •Dimorpko- 
graptuSy on the other hand, the proximal p^t ij uniserial 
and the distal part biserial; this genus therefore serves 
to Connect Diplograptus and Monograptus, 

The hydrothecse vary considerably in form in different 
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genera, and sometimes even in different species of the 
same genus; but in any one species they are usually 
similar, except that they diminish in size towards the 
proximal end of the polypary; they may resemble the 
sicula in shape (Didymograptm), or they may be tubular 
(Rastrites), prismatic (Diplograptus), conical {Monograptus 
triangulatus), or coiled {Monograptus loUferus), They 
may be in contact throughout their entire length {Phyllo- 
graptus), at their bases only {Nemagraptiis), or, in a few 
cases, entirely separate (Rastrites). Frequently they are 
provided with one or more spines w 


near the mouth. In most grapto- 
lites the hydrothecse communicate 
freely with the common canal, and 
in this respect differ from living 
hydroids, in which there is a 
constriction or an imperfect dia- 
phragm at the base of each 
hydrotheca, separating it from the 
common canal (fig. 12) ; but some 
specimens of Didymograptus and 
Tetragraptus seem to show evi- 
dence of a septum between each 
hydrotheca and the common canal. 

A microscopic examination of 
thinsectionsof Monograptus shows 
that the periderm cohsistsiof three 
or fouf layers, the external and 
internal layers being much thinner 
than the^)thers. In Retiolites the 
middle layei^ of the periderm is 



W'' X 

Pig. 1^. Ef^tiolites geinitzif 
Silurian. A, section across 
polypa?}’. B, proximal end 
of polypary with the outer 
layer removed. Enlarged 
(pifter Holm), w, x, rods in 
the network formerly re- 
garded as virgulsB. 


formed of a network of fibres (fig. 16) whilst the inner tind 
outer layers are very Jihin. ^ • 
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In the uniserial genera the virgula, when present, is 
placed in the periderm opposite "the row of hydrothecse, 
but in the biserial forms it is central, being situated either 
in the middle of the common canal, as in some forms of 
DiplograptuSy or in the septum separating the two canals, 
as in Climacograptus, In several genera (Didymograptus, 
Phyllograptus, Tetragraptus, Dichograptus, Dicellograptus) 
the virgula is not found in the wall of the common canal, 
but projects as a thread from the pointed end of the 
sicula. 

The position of the sicula varies in different genera. 
In Monograptus it is united to the dorsal surface of the 
polypary, the pointed end being directed distally (fig. 
13 c, s). In Diplograptus it has a similar position but is 
more or less completely enclosed between the hydrothec® 
(fig. 13 d, s). In Didymograptus its broad end only is 
united to the two branches of the polypary, the pointed 
end being directed proximally (fig. 17, s). In Dicellograptus 
it projects like a spine between the two branches. 

The appearance of even the same species of graptolite 
varies considerably according to its mode of preservation. 
Frequently it is .fiattened to a film, and when this is the 
case we may get a side view, a front view showing the 
mouths of the hydrothec®, or a back view; in the two 
latter cases the margins will be parg;llel. But when the 
original material has^ been replaced by iron pyrites, ^or 
when the graptolite is preserved in a limestone, the 
natural form df the polypary is often retained. ‘ 

No mpdusoid form is known in the graptolites; but, 
in one respect, thei» mode of reproduction appears to have 
been similar to that whifh takes place 'ifi some living 
Hydrozoa. In a few biserial giap^tolites (fig. 16) sac-like 
bodies have been found attached to the polypary; .these. 



HYDROZOA. GRAPTOLITOIDEA 


61 


when perfect, are pear-shaped, and resemble the gonmgia 
of living Calyptoblastea (see fig. 12, lo); they are aot 
joined to the hydrothecse, but come off at right angles to 
them along the middle line of the sides of the polypary. 
The earliest condition of the graptolite at present known 
is the sicula (fig. 18 A) ; this probably is developed within 
tte sac-like bodies if they are, as suggested, really 
gonangia. 



Fig. 16. 


Fig. J6. Diplograptus ,with sacs resembling gonangia. (After Hall.) 
• Natural size. 

Fig. 17. Didymograptm y-fractns^ Arenig Bedt}. Early part of the 
polypary. (After Elies.) sicula; c, crossing- canal ; 1, first hydro- 
theoa ; 2, second hydrotheca, x 5.^ 

The ihode*of development of graptolites has been 
studied ^n sSveral genera. The sicilla is usually more or 
less clearly exposed at the pyoximal end of the polypary 
(fig. 13 c) ; it is a^hollow cone (fig. 18 A) open at the base, 
and consists of two parts — the pointed or apical^ end with 
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a thin wall (b), and the broader or apertural part with a 
thkk wall marked with lines of growth (a). The pointed 
part was probably the covering of the embrycJ, and the 
broad part a later growth. The apical end of the sicula 
is prolonged as a thread forming the virgula. A spine- 
like projection is sometimes found at the apertural end 



Fig. 18, Early stages'of Monograptus a,nd Diplograptus (after Wiman). 
Enlarged. 


A. Sicula of Monograptuii, from the Silurian of Gothland, a, thick- 
walled part with lines of growth ; b, the earliest part with thin 
wall ; c, spine-like projection from the apertural end of the sioula.-^ 

B. Monograptm (sanle locality) with three hydrothecffi developed. 1, 2, 
3, first, seco'nd, and third hydrothecfe ; a, f), sicula ; c, spine-like 
projection ; d, Virgula. 

C. Diplograp^us from Bornholm, with four hydrothe(;6B developed. 1, 2, 
3, 4, first, second, third, and fourth hydrothecaa ; a, gioxi\ 

, € 

of the sicula (fig. 18 A, c), but has no connection with the 
virgula. In the development of Bidymograptus a bud 
is formed on one side of the sicula and from this arise 



HYDROZOA. QRAPTOLITOIDEA ' 63 

(1) the first hydrotheca (fig. 17, i) and (2) a tubular body 
known as Ibhe crossing-canal (c); the latter grows across 
the sicula.and gives rise to the second hydrotheca ( 2 ) 
which is on the side opposite to the first hydrotheca. 
From each of these two hydrothecae a stipe or branch is 
developed, owing to the fact that each hydrotheca gives 
rife by budding to another hydrotheca and in this way 
two continuous linear series are formed. More complex 
branching (as in Tetragrapkus, Dichograptus) is produced 
when one hydrotheca buds off two hydrothecae instead of 
one. In Diplograptus (fig. 18 C) the development is 
similar to that of Didymograptus but the crossing-canal 
is reduced in size and the hydrothecae grow up the virgula 
instead of in the direction of the apertural end of the 
sicula ; also the hydrothecae are budded off on either side 
alternately, so that the second hydrotheca ( 2 ) is on the 
side opposite to the first ( 1 ), and the third *( 3 ), which is 
budded from the second, is on the same side as the first 
and overlies it. This alternate arrangement may continue 
throughout the development of the polypary, but frequently 
a septum appears between the two rows of hydrothecae, 
and thenceforward each hydrotheca arises from the pre- 
ceding one on the same side. In Monograptus the 
hydrothecae (fig. 18 B) arise on one side only of the sicula. 

O^iRg to the fact that the soft parts of the graptolites 
aj?e entirely unknown it is difficult to speak of their 
affinities with any degree of certainty. It seems probable, 
however, that they belong to the Hydrozoa ; Allman and 
others consjder them to be closely related to the Calypto- 
blastea, eqpecisiUy to such forms as Ser^ularia and Plumu- 
laria, witB which they agree in the general characters of 
the hydrothecae and common canal, and perhaps also^in 
the posfession of 'gonangia. But they differ in some 
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important respects from the Qil3rptoblastea, e,g. in possess- 
ing a virgula and sicula, in the diminution in size of the 
hydrothecae towards the proximal end of the polypary, in 
the hydrothecae being nearly always in contact, and in the 
free communication which exists in most cases between 
the hydrothecae and the common canal ; their development 
is also different — in the graptolites each hydrotheca is 
budded off from another hydrotheca, but in the Oalypto- 
blastea the new polyps are budded off from the ccenosarc. 



Fig. 19. Diplograptus prUtis^ from the Utica Slate, New York. 

X (After Buedemann.) 

Further, the graptolites never form, the much-branched 
tree-like colonies which occur so commonly in recent 
hydroids, and the graptolites jare never firmly fixed by 
any root-like structure corresponding to the hydrorhiza. 

Some r authors have considered that, the « graptolites 
were free-swimming animals ; but it is ’wery probable 
that some, at any rate, )vere attached tcf sea- weeds or 
other foreign objects by means of the virgula which, in 
some genera comes off as a free thread from the point of 
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the sic'ula (e,g, Didymograptus)] if they were fixed to 
floating s*ea-weeds their wide geographical distribution 
would be readily accounted for. Ruedemann has described 
specimens of Diplograptus pHstis (fig. 19 ), from the 
Utica Slate (Ordovician) of New York, which consist of 
a number of individuals radiating from a centre where 
they unite by the distal prolongations of their virgulas ; 
at the point of union there is a small, nearly square, 
chitinous sheath which is similar in appearance to the 
central disc of Tetragraptus \ below this is a larger 
quadrate body, apparently vesicular, which was at first 
regarded as a float or pneumatocyst, but later as probably 
an organ of fixation at the base of the colony. Around 
the small disc are from four to eight globular vesicles,- 
which Ruedemann considers to be gonangia, since they 
contain siculse; the siculse sometimes pass out and develop 
into fresh colonies, but in other cases they refhain attached 
to the parent, and, by the growth of the virgula, extend 
outwards, and subsequently hydrotheca3 arise in the usual 
way. In some other species of Diplograptus {D, vesicvlosus, 
etc.) a single vesicle is sometimes found attached to the 
distal end of the virgula. • 

The genera of graptolites at present accepted are 
based, to a large extent, on the number of branches of 
the pplypary ; but IJ^icholson and Marr consider that this 
feature is of less importance than was formerly supposed, 
and that a classification .which shows the •genealogical 
relationships of the* forms should be founded chiefly on 
the characters qf the hydrothecse and, to some.extent, on 
the angle«of divergence of the branches. The early grapto- 
lites, such agr Bryograptus, appear, at first sight, to be 
more advanced than the later types {e.g, Monograptns), 
on account of their more complex branching ; but in the 
w. p. ' 5 
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early forms the hydrothec® are very simple, ' differing 
blit little from the sicula, whereas in the later ones they 
exhibit considerable modification. In some genera the 
hydrothec® of different species show great variety of 
form, those of one species being often much more like 
those of a species belonging to another genus than to 
other species of the same genus : thus we get the same 
type of hydrothcca in the three forms Bryograptus cal- 
lavei, Tetragraptus hicksi, and Didymograptus affinis, and 
another type in Bryograptus retroflexuSy Tetragraptus 
denticulatuSy and Didymograptus fasdculatus. It is con- 
tended that each of these groups is a genealogical series 
and should be regarded as a genus — that T. hicksi has 
descended from B, callaveiy and D. affinis from T. hicksi, 
According to the old view all the species of Didymograptus 
were thought to have descended from one common ancestor; 
but this will’not account for the close resemblance which 
the hydrothec® of certain species of Didymograptus bear 
to those of certain species of Tetragraptus \ on the other 
hand, this is readily explained if we consider that the 
species of Didymograptus have descended from various 
species of Tetr^igraptus. Then again, the remarkable 
diversity in the hydrothec® of Monograptus can be easily 
understood if we grant that the forms included under 
this term are the descendants of different species lof one 
or more genera.. But since species which have a different 
ancestry cannot be placed in Jthe same genus, we must 
regard Momgraptus as^ an assemblage of fornts which 
agree merely in consisting of a single uniserial branch or 
stipe, ' • • 

It has been suggested . that the simiWr mbcfification in 
blanching found in different forms may have been brought 
about by the necessity of obtaining sufficient food— the 
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larger thp number of branches the smaller would be the 
total supply of food for each individual of § colony ; conse- 
quently, when one species of a four-branched type (Tetra- 
graptus) had become a two-branched form, it would have 
a considerable advantage over the remaining four-branched 
forms, which would, as a result, soon die out. 


DidymograptUS. (fig. 17.) Polypaiy bilaterally sym- 
metrical, consisting of two uniserial stipes diverging at an angle 
which varies, in different species, from 0® to 180® (or occasionally 
more). Hydrotheesa subcylindrical, in contact for a considerable 
part of their length. Lower Arenig to Upper Llandeilo. Ex. D, 
murchisoni, Lower Llandeilo ; D. painlm^ Arenig. 

PhyllograptUS. (fig. 20.) Polypary leaf-like, consisting of 


four uniserial stipes united along the 
whole of their length. Hydrothecae 
cylindrical or subcylindrical, in con- 
tact throughout their entire length. 
Sicula pointing distally. Arenig. 
Ex. P. typuB, 

Tetragraptus. (fig. 14.) Poly- 
pary bilaterally symmetrical, uni- 
serial, consisting of four simple radi- 
ating branches which arise from the 
bifurcation of two short branches 
coming oflF from opposite sides of the 



Fig. 20. Pbyllograptvs, Arenig 
Bocks. The polypary has 
been cut in two, and the upper 
part raiised so as to show the 
four branches. Natural size. 


sicula (constituting a Didymograptius stage). Hydrothecae cylindrical 


or subi^lindrical, in contact for a considerable part of their length. 
A^central disc may or may not be present. Arenig. Ex. T. quadri’ 
hrachiatiLB. • * 


Dichograptus. Polyp^y typically bilaterally symmetrical 
consisting of eight uniserial main stipes produced by bifurcation 
through Dvdymogxaptus and Tetragraptus stages. Hydrothecae 
cylindrical pr subcylindrical. A central disc is frequently present. 
Lower Arenfg. Ex. D. octohrachiatus, 

Loganograptus (Arenig) and Clouograptus (Tremadoc and Arexyg) 
are forms in which bifurcation has proceeded further than in Dicho^ 
graptus. • • 


5—2 
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BryograptUS. Polypary bilaterally symmetrical, uniserial, 
coijfBistiDg of two main stipes diverging at a small angle from the 
sicula, which has its point directed distally. Froi](t the inner 
margins of the main stipes similar secondary stipes (which may 
bear other stipes) arise. Hydrothecea like those of Dichograptus. 
Tremadoc. Ex. E. hjerulji, 

lieptograptus. Polypary consisting of two simple, slendfr, 
flexuous, uniserial stipes given off in opposite directions from the 
sicula at angles greater than 180“. Hydrothecaa are long tubes with 
slight sigmoid curvature, in contact for half their length. Upper 
Llandeilo to Lower Bala. Ex. L. Jkiccidvs^ Lower Bala. 

PleurograptUS. Two principal branches as in Leptograptm) 
these bear secondary branches on both sides, often arising alter- 
nately, and sometimes bejiring smaller branches. Lower Bala. Ex. 
P. 2meam. , 

NemagraptUS (^Ccenograptm). Polypary bilaterally sym- 
metrical, uniserial, consisting of two slender, more or less flexuous 
main stipes coming off from the middle of a well-defined sicula ; from 
each of these stipes secondary branches may be given off in a 
symmetrical or nearly symmetrical manner. Hydrothecee as in 
Leptograptua, Llandeilo. Ex. N, gracilis. 

Dicranograptus. Polypary bilaterally symmetrical, biserial 
in the proximal portion, dividing distally into two uniseriial branches. 
Hydrothecso with sVgmoid curvature and inturned apertures. Upper 
Llandeilo to Lower Bala. Ex. D. clinganiy Bala. 

DicellograptUS. Like Dixyranograptvs^ but uniserial through- 
out, the two branches united at the sicula only, which points distally. 
Angle of divergence greater than 180®. Upper Arenig to Upper 
Bala. Ex. Di anceps^ Upper Bala. 

Dlplograptus. (fig. 13 d.) Polypary biserial. Hydrothecss 
subprismatic or subcylindrical, overlapping an^ plaQed obliquely. 
Virgula prolonged beyond the distal extremity, of t}ie polypary. 
Sicula more or less completely concealed, l^owe^ Arenig to 
Tarannon. Ex. Z>. foliaceus,' Llandeijo to Lower Bala. PetcUo- 
graptus and CephalograptuB oxe sub-geqera; Llandovery and 
TaAnnpn. 
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CliinapOgraptUS. Polypary biserial. Hydrothecsa tubular, 
with sigmoid curvature, apertures placed in depressions. Sidlila 
often concealed. Upper Arenig to Tarannon. *Ex. C, normalise 
Llandovery and Tarannon. 

DimorphograptUS (see p. 58). Llandovery. 

MonograptUS. (fig. 13 c.) Polypary unbranched, uniscrial ; 
sfl’aight, curved, or spiral. Hydrothecai vary in form in different 
species. Sicula attached to the proximal end of tlie polypary, and its 
pointed end directed distally. Lower Llandovery to Lower Ludlow. 
Ex. if. nihsoni^ Lower Ludlow ; if. leptotheca^ Llandovery ; if. 
priodon^ Wenlock ; if. spinigerus^ Llandovery. 

Rastrites. Similar to Monograptus^ but the hydrothecsB are 
long, tubular, and widely separated. Llandovery to Tarannon. Ex. 
R, peregrinus^ Llandovery to Tarannon. 

Cyrtograptus. Similar to Monograptus^ but coiled into a 
plane spiral with branches given off' from the external (hydrothecai) 
margin. Upper Tarannon to Lower Ludlow. Ex. G, mnrchiaonh 
Wenlock Shale. • 

Retiolites. (fig. 15.) Polypary biserial, straight. Hydrothecse 
like those of Diplograptibs. Periderm consists mainly of a network 
of threads and rods. Lower Bala to Wenlock. Ex. R, geinitzianus. 
Upper Tarannon and Wenlock. 

Distribution of the Graptolitoidea 

In Britain the earliest graptolites occur in the Tremadoc 
Beds, where we find, the genera Bryograptus and Clono- 
gfaptus] in the Oiewws-shales of West Gothland Dicho- 
graptus also occurs. TheJast two forms are *also present 
in the lower part of the Arenig Beds, but other genera 
such as T^ragmptus and Didymograptus are •associated 
with thenf^and soon become abundant • Phyllograptus also 
occurs here. In the Llandeilo,.the graptolites are transi- 
tional between the ^Arenig and Bala forms, Phyllograptus 
is absent, Didymograptus is fiiirly common in thp lower 
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part, and the genera Nemagraptus, Dicellograptus.^Dicrano- 
graptuSf Diplog^aptus and Glimacograptus now appear for 
the first time. In the Bala Beds, the four last-mentioned 
genera become much more abundant, and with them occur 
Leptograptus and Pleurograptus. The only genera which 
pass up from the Bala to the Silurian are Glimacograptus^ 
Diplograptiis, and Retiolites; not a single Bala species 
(except perhaps a variety of Glimacograptus scalaris) is 
found in the Llandovery Beds, so that between the 
Ordovician and Silurian there is a great break in the 
graptolitic succession. As a whole, the Silurian formations 
are characterised by the presence of the genera Mono- 
graptus, Rastrites and Gyrtograptus, which appear first 
at the base of the Llandovery Beds. In the lower part 
of the Llandovery the genera Diplograptus and Glimaco- 
graptus are fairly abundant, but they become extinct in 
the Tarannon, and in the Wenlock and Ludlow Beds the 
only forms are Monograptus, Gyrtograptus, and Retiolites, 
The last traces of graptolites occur in the Downtonian 
Beds, but they are too imperfect for determination. 

ORDER IV. HYDROCORALLINA 

The skeleton in the Hydrocorallina is calcareous and 
has the form of encrusting or branching masses. It con- 
sists of a network of rods, in which there are tubes of 
two sizes opening on the surface ; the larger are called 
gastropores, and have horizontal partitions or tabul® ; the 
smaller are named dactylopores. The skeletoif is of ecto- 
dermal origin, and is secreted by a network'of ^oenosarcal 
tubes, above which is a superficial layer of ectoderm. The 
polyps project above this layer, and are of two kinds : 
nutritive individuals or gastrozooids, which are placed in 
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the gastrQpores, and dactylozooids placed in the dactylo- 
pores. • 

Millepbra is an important rock-building organism at 
the present day, often contributing largely to the forma- 
tion of coral-reefs; it has been recorded# from Cainozoic 
(^posits, but whether these examples really belong to 
that genus appears to be somewhat doubtful. Stylaster 
is a living form, and is stated to occur in the Miocene. 
Milleporidium from the Upper Jurassic of Stramberg and 
Millestroma from the Upper Cretaceous of Egypt may 
belong to this Order. 

. ORDER V. STROMATOPOROIDEA 

In the Stromatoporoids the skeleton is calcareous^, and 
very variable in form ; it may be hemispherical, spheroidal, 
dendroid, encrusting, or altogether irregular, and frequently 
forms large masses. It consists of a series of concentric 
lamin® separated by spaces; these are crossed at right 
angles by rods or pillars, which give off horizontal pro- 
cesses at definite intervals ; these processes join together 
and really form the laminsB. The under 'surface of the 
skeleton is often covered by a thin imperforate layer, with 
concentric furrows, similar to the epitheca of many com- 
pound corals. On the upper surfaces of the laminae there 
are, in many forms, shallow grooves, having a stellate 
arrangement, and known •as dstrorhizce. Jn some genera, 
as for example Actinostroma (fig. 21), the two elements 
of the skbleton, the laminae and pillars, remain quite 
distinct, tut *in others, like Stromalopora, they become 
to a great extent blenched together so as to form a more or 

1 In some speoimenli the carbonate of lime has been dissolved and its 
place taken by silica. ^ • * 
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less netted structure ; between these two types, however, 
there are intermediate forms. The first type (Actino- 
stroma) is similar to Hydractinia (see p. 63), but is always 
calcareous and forms larger masses ; the second (Stromato- 
pora) resemhles^Millepora (see p. 71), and, like that genus, 
possesses tubes with horizontal partitions, but the tub^s 
seem to be of one size only, and consequently there is 
nothing to indicate that this type was dimorphic; it 
differs also in possessing radial pillars. 


Fig. 21. A, Tangential section of Actiw*stroma intertextum showing the 
radial pillars. ' B, vertical section showing the radial pillars and the 
formation of the concentric laminss by processes given off from 
these. 12. G and D, parts of A and B further enlarged. From 
the Silurian Rocks. (After Nicholson.) ^ 

The soft parts in the Stromatoporoids probably formed 
a continuous layer on the surface of the skeleton, and the 
polyps in some cases (e,g, Stromatopora) wete placed in 
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definite tujbes, but in others tubes are absent and there are 
pores only in the external lamina. From the structure*of 
the skeleton, the Stromatoporoids seem to be connected 
with both Hydractinia and the Hydrocorallina. 

The Stromatoporoids are found mainly in the Ordo- 
vician, Silurian, and Devonian Systems, being most 
abundant in the last ; frequently they are of considerable 
importance as rock-builders; some of the best known 
genera are Labechia, Stromatopora, Stromatoporella, 
Actinostroma, Clathrodictyon, Idiostroma, and Amphipora. 
A few specimens, which are believed to be Stromatoporoids, 
have been found in deposits of Mesozoic age. 

CLASS II. SOYPHOZOA 

The Scyphozoa (Scyphomedusse) or Acafophse include 
the larger and more conspicuous jelly-fishes, such as 
Aurelia, Rhizostoma, and Pelagia, They possess no hard 
parts; nevertheless the impressions of some forms {e.g, 
Rhizostomites) belonging to the Order Discomedusse have 
been found in the Lithographic Limestone (Upper 
Jurassic) of Solenhofen in Bavaria. 

Even in the oldest fossiliferous formations traces of 
supposed Scyphozoa have been found; the most satisfactory 
oi these is the form Yrom the L6wer Cambrian of Sweden 
referred to the Discomedusse, and named *Medysina costata 
( ==s Medusites lindstroemif. Others,'^ but* of which the 
nature appears to be somewBat doubtful, have been 
described^ by, Walcott from the Middle Cambrian of 
Alabama. * 
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, CLASS III. ANTHOZOA (ACTINOZOA) 

* 

This Class includes the corals and sea-anemones. 
They differ from the Hydrozoa (1) in possessing an oeso- 
phageal tube, ovhich is distinct from the coelenteron, 
though opening into it ; (2) in having the coelenterQn 
divided up into chambers by vertical radiating partitions 
known as mesenteries; (3) in the reproductive elements 
being developed in the eridoderm of the mesenteries and 
never on a medusa. 



Fig. 22. Semi-diagrkmmatic view of half a simple Coral. (Partly after 
Bourne.) 6n the r^ht side the tissues are represented as trans- 
parent to show the arrangement of the theca and septa; on the 
left a mesentery is seen. 1, tentacle; 2, mouth; 3, ^stomodsBum ; 
4, mesedtery ; 5, mesenteric filaments, free edge of mesentery ; 
6, ectoderm ; 7, endbderm ; 8, basal plate of skeletoiv^; 9, theca ; 
10, columella ; 11, septum. , 

'The Anthozoa possess an apparent; radial symmetiy, 
but «clo^r examination reveals a bilateral arrangement 
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of their* parts. In a typical form, such as the common 
sea-anemone or a simple coral (fig. 22), the body has*a 
more or less cylindrical shape, and is attached by one 
end, the other having an opening, the mouth (fig. 22, 2), 
surrounded by tentacles (i). The mouth pleads into the 
oesophageal tube or stomodceum (3), which opens at its 
lower end into the coelenteron. The latter is divided into 
chambers by radiating partitions, the mesenteries (fig. 22, 4 
and fig. 23 a — c), each of which consists of a thin gelatinous 
layer in the middle and a layer of endoderm on each side. 
In the upper part of the polyp the inner edges of the 
principal mesenteries join the stomodasum, but in the 
lower part they remain free, and a section in the former 
regioif (fig. 23 ) will show the body wall and also the 
stomodaBum, but in the latter the body wall only. The 
tentacles (fig. 22, i) are placed immediately above the 
intermesenteric chambers, and the space in bach tentacle 
is continuous with that of the chamber below. A bilateral 
symmetry is indicated by the oval or slit-like mouth, and 
the similarly compressed stomodaeum ; also by the arrange- 
ment of the longitudinal muscles which occur on one face 
of each mesentery, extending from the base of the polyp 
upwards (fig. 23 ). The sea-anemones have no hard parts, 
but the majority of Anthozoa possess a skeleton, which 
in many cases is quite external to the body, and is formed 
of carbonate of lime (fig. 22, 8, 9) ; in otl\ers it is internal 
and may consist of calcareous spicules, or of •an axial rod 
of homy or calcareous material. The Anthftzoa are divided 
into two Orders^ (1) the Zoantharia, (2) the Alqyonaria. 
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ORDER I. ZOANTHARIA 

f 

In the Zoantharia the tentacles are generally numerous 
and are never eight in number, as is the case in the 
Alcyonaria ; occasionally there are six only, but frequently 
a multiple of six, and they usually form several circles 
around the mouth. The tentacles are nearly always simple 
(fig. 22, i). The mesenteries (fig. 23, a, 6, c) are usually 
numerous also, and form several cycles; those belonging 
to the primary cycle are formed first and reach to the 
stomodseum; the other cycles (secondary, tertiary, etc.) 
are successively smaller. The mesenteries are arranged 


d 



• e 

Fig. 23. Diagrammatic section of a Zoantharian polyp passing through 
the stomodsBum. a, primary mesenteries; &, secondary mesenteries; 
c, tertiary mesenteries ; dy e, primary mesenteries at the ends of the 
- compressed stomodsaum. T^ie muscles are indicated by the ti^ioken- 
ings on the mesenteries. 

in couples (fig. 23) with the longitudinal muscles of each 
couple facing one another„except in the case of the couples 
situated at the grooved ends of the stomodaeUm, where 
the muscles are turned away from each other {d, e), A 
skeleton is often present and may be calcareous or homy ; 
wh6n calcareous it is never composed of spicules but con- 
sists ^of a^ragonite fibres. 
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The’Zpantharia comprise, (1) the sea-anemones, which 
have usually been grouped together as the Actinaria, and 
are unknown in the fossil state, since they possess no hard 
parts; (2) the Antipatharia — colonial forms in which the 
skeleton consists of an internal horny rod ^secreted bjr the 
ectoderm ; these also are not found fossil ; (3) the Madre- 
poraria, including the well-known stony corals, which are 
very abundant as fossils. 

MADREPORARIA 

The polyp of a Madreporarian coral has essentially the 
same structure as a common sea-anemone, but the ecto- 
derm* of the lower part of the body secretes a skeleton 
consisting of carbonate of lime (fig. 22, 8, 9). The entire 
skeleton is spoken of as the comllum, and in compound 
corals the skeleton of each individual is tended a corallite. 
The parts of the skeleton may be solid, or they may be 
perforated, or formed of a network of rods. 

In a typical simple coral (fig. 25) the skeleton has a 
more or less conical form; the 
base of the cone, on which the 
polyp is placed, is usually de-. . 
pressed, and is termed the calyk 
The wall bounding, the corallum ® 
i8 known as the thsca (fig. 22, 9 ; 
fig. 24, d); sometimes there is, 
outsidd this, another calcareous "piagrammatic sec- 

* « tion (horizontal) of a simple 

layer, the* epitheca. The whole coral, a, columella ; 6, pri- 
8I»» endoMd by tho to u 
termed the Usceral chxi 7 nher\^\t 

is divided up by various partitions, the most important 
of which are the (fig. 22, ii ; fig. 24, 6). The^e are 
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vertical plates extending from the theca towards the 
cdntre, and alternating in position with the mesenteries. 
The septa are of different sizes, some reaching 'the centre, 
others being shorter; they frequently occur in series or 
cycles, of which three or more may often be distinguished, 
the largest being the primary (6), the others the secondary, 
tertiary, etc. In many corals found in the Pateozoic 
formations one of the primary septa (the cardinal septum) 
is much smaller than those formed after it, and consequently 
appears, at the surface of the calyx, to lie in a pit or 
cavity, which is called a fossula (figs. 33 a, 34 A, a). 
Usually only one fossula is present — the cardinal fossula, 
but sometimes another, known as the counter fossula 
(fig. 34 A, dd) occurs oh the opposite side of the coral, 
and less commonly two others {e) called alar fossulce are 
present one on each side of the coral. 

When the septa project upwards above the edge of 
the theca they are said to be exsert (fig. 25). ' The faces 
of the septa are sometimes 


plane, but usually bear ridges, 
granules, or spines. In some 
corals the septa are poorly de- 
veloped, and may be represented 
by ridges only or by rows of 
spines. In the centre of the 



visceral chamber, where the Fig. 25. MmtUvaltia trochiides, 
larger septa meet, there is often , MenorOoUte. showing e«ert 

a vertical rod, which extends 


from the base of the chamber to the bottom of '*the calyx ; 


this is the cojMmella (figs. 24 a; 31 c). Tts 'structure 
varies considerably ; when it is solid and ends in a knob 
or point in the calyx, it is said to be styliform ; sometimes 
the \pp is porous or spongy. When the columella consists 
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of twistfed laminse it is termed trabeculate ; if formed by 
the twisting together of processes given off from the inifer 
edges of the septa, it is false : in some genera there is no 
columella. Other vertical partitions, somewhat similar 
to the septa, are the pali (fig. 24 c) ; thei^e are radiating 
plates attached to the columella and placed opposite the 
iifner edges of some of the shorter septa, but not joining 
them. Bars or rods, known as synapticulce, are often found 
passing from one septum to another. Similarly, adjacent 
septa are often connected by plates, which may be horizontal 
or oblique, straight or curved, and are called dissepiments 
(figs. 24 e ; 31 d) ; in some genera they are very abundant 
near the margin of the visceral chamber and form a 
spongy or vesicular tissue (fig. SO d). Lastly we have 
the tabulcB (figs. 30 31 B, t), which are more or less 

horizontal plates, crossing the septa, and occupying the 
central part of the visceral chamber, or, when Well developed, 
extending quite across it; they are arranged one above 
another, so that the visceral chamber is divided into 
horizontal compartments. On the outside of the wall of 
the coral there are, in some forms, vertical ridges, which 
may be smooth or spiny ; these are known as costce, and 
usually correspond in position with the septa. 

The young coral polyp is a free-swimming animal; 
when .it becomes fyced the first part of the skeleton to 
appear is a circular plate between the Ijase of the pol 3 rp 
and the surface to which if is attached ; on this plate radial 
ridges-»-the first traces of the septa — are s’ecreted in folds 
formed in the base of the polyp between the mesenteries. 
The theca next appears at the edge ^of the plate, and is 
formed eiJhei*by the union of pbe ends of the septa, or as 
an independent structure. For some time the polyp ex- 
tends down to the* base of the cup-like skeleton (fig^ 22) 
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and a fold hangs over the outside (fig. 22, 6, ?)*; but as 
the septa, theca, etc., increase in height the lower part of 
the visceral chamber (in most cases) becomes more or less 
completely cut off by the development of dissepiments or 
tabul®, below ^ which the soft parts do not extend. As 
growth proceeds more of these partitions are formed, and 
eventually a large part of the coral ceases to have aGiy 
direct connexion with the polyp. 

Some corals remain simple (i.e. consist of a single 
individual throughout life). Others, which are simple in 
the young state, afterwards become compound and form 



Fig. 26. A. Dendi’ophyllia nigrescens, showing corallites which have 
been produced by lateral budding. Recent, x i. B. Cyathophyllum 
truncatuMj showing calicular budding, Wenlock Limestone. Natural 
size. C. Cladockoms crassus (seen from above), showing basal 
budding, Carboniferous Limestone. Natural size. 

« 

colonies, either by giving off buds, or by fission. In 
budding, new individuals may arise from the part of the 
polyp which extends outside the theca (fig. .22, 6, 7), in 
which case a branching coral like DendrophylUaJ^g, 26 A) 
is frequently formed; this mode of increase is termed 
laieral budding. In other cases buds arise on the upper 
surfiwse of the old polyp, and then the'young corallites are 
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found insij^e the calyx of the parent — hence this is known 
as calicular budding (fig. 26 B). In bas^l budding (fig. 
26 C), whith is rare in the Madreporaria but common in 
the Alcyonaria, the buds spring from creeping prolonga- 
tions or stolons, which are given off from khe base of the 
coral. Fission, or division into halves, commences by the 
mouth becoming slightly constricted in the middle ; this 
increases until two distinct mouths and two polyps are 
formed, after which a similar division takes place in the 



Fig. 27. Section of a dissepiment of Galaxea. Magnified, growth- 
lamellad. (From M. M. Ogilvie.) 

skeleton. When the individual corallites in a compound 
form are free and diverge from one another, the corallum 
is termed dendroid (fig. 26 A) : when they are in contact, it 
is massive. If the cbrallites arc? not in contact the spaces 
between the individual corallites are soriietimes filled up 
with calcareous material* formed by the,coenosarc, and 
known as coenenchyma. In many compound corals {e.g, 
AceroularHh) thb base of the corallum is covered by a thin 
epithecal plate — the bcbsal epitheca. 

In dendroid corals (fig. 26 A) the polyps on the different 
corallites may be qaiite separate from one another ; but in 
massive corals, whilst the upper parts of the polyps’ are 
w. p. . . f j 
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more or less separate, the lower parts are united. When 
cmnenchyma present the polyps are united by an ex- 
tension of the part which ordinarily occurs outside the 
theca, and now forms a sheet called the coenosarc. 


Microscopic, examination of thin sections shows that 
each part of a coral is formed of thin layers or growth- 
lamellae which consist of fine needle-like crystals placed 



Fig. 28. Transverse section of part of a septum and theca of Oalaxea. 
Highly magnified, d, dark spots ; growth-lamellaQ; a, granule on 
septum. (From M. M. Ogilyie.) 

more or less perpendicularly to the surfaces of the lamellae. 
In a section of a dissepiment (fig. 27) a series of lines 
parallel to the surface and other finer lines crossing at 
right angles are seen — the former mark the growth- 
lamellae, the latter the crystalline fibres. In a ‘transverse 
section of a septum (fig. 28) ther^ is a median dark line 
or ‘row of dark spots, on each side of which the structure is 
syuHnetrical. When the surface of the septum is plane, 
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the lamellfiB are straight, or nearly straight, and para|]el 
with the surface, and the fibres are perpendicular ; but 
when the surface is ridged the lamellae are curved so as to 
be parallel with .the ridges, and the fibres radiate out from 
the dark median spots toward the curved* surface of the 
ridge (fig. 28). When the septa bear striae, granules, or 
spines, in addition to ridges, the folding of the lamellae and 
the radiating arrangement of the fibres become more 
complex ; but in all cases the structure is directly related 
to the form of the surfece. The dark lines and spots 
represent the part of the septum which was first secreted ; 
their dark appearance may be due either to the less regular 
arrangement of the fibres or to the imperfect calcification 
of the material of that part. In fossil corals the dark 
part has often undergone secondary changes which give it 
a more distinct appearance. 

In the development of a living Zoantharian coral six 
primary septa are first formed and appear simultaneously ; 
next, six secondary septa are introduced between the 
primary septa ; other cycles may subsequently be added in 
a somewhat similar manner, so that in the adult the septa 
have generally a completely radial arrangement. In the 
Rugose corals of the Palaeozoic period the development^ 
of the septa follows a different course. Instead of the six 
primary septa appearing simultaneously, two septa (fig. 29 
A1 one on each side, are first formed alid meet in the 
centre of the coral — representing the cardinal (i) and 
counter *septa (i') of the adult, on the ventral and dorsal 
sides respedtively (fig. 34 A, a, 6) ; next, two more septa 
(fig. 29 2) appear, one on each side of the cardinal 

^ This can be studied by gradually grinding down the tip of a perfect 
speoimen. The arrangement of the septa in Rugose corals can ali|o be 
seen either on the surface of the .wall or by removing the theca.* 

6—2 
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septum, and as growth proceeds these become mpre widely 
separated from, the cardinal septum, and eventually form 
the alar septa of the adult (fig. 34 c); afterwards, two 
septa ( 3 ) are added, one on each side of the counter septum, 
and these also spread outwards as growth proceeds (as 
indicated by the arrows in fig. 29 D). The six septa now 
present are regarded as the primary septa ( 1 , 2 , s). The later 



Fig. 29 . Development of the septa in a simple Bugose Coral, ZaphrentU, 
1—3, primary septa; 1, cardinal septum; .1' counter septumc; 2, alar 
septa; 3, counter-lateral septa; a, 6, c, later septa (metasepta). 
(After Carruthers.) 

y 

septa (sometimes ieimQ&m^etasepta) are introduced in pairs ; 
these appear at four points — one septum on each side of the 
cardinal septum (iX and one between each alar, Septum ( 2 ) 
and the primary septum (»). The^ two pairs' which are first 
added (fig. 29 E, a) are attached to the pardinal sides of the 
primary septa 2 and 8 ; similarly later pairs (fig. 29 F, Q, 6, c) 
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are inferoduced and are joined to the cardinal sides of the 
previously formed septa. As growth proceeds all the later 
septa (a-*-c), unlike the primary septa, gradually move 
towards the counter septum, as indicated by the arrows 
in fig. 29 G. g 

In the adults of some Rugose corals (fig. 34 A) the 
arrangement of the septa is similar to that just described, 
so that on each side of the cardinal fossula and on the 
counter side of each alar septum the later septa (metasepta) 
have a pinnate arrangement. In other genera, however, 
the pinnate plan is not seen in the adult (figs. 32, 33), since 
all the septa either become free at their inner edges or 
unite only at the centre of the coral ; and in such cases, 
unle^ a fossula is present, the symmetry of the coral is 
nearly or quite radial. 

From the description of the septal development given 
above, it will be seen that the fossulae are breaks in the 
sequence of the septa. The cardinal fossula (fig. 34 A, a) 
is limited by the later septa added on each side of the small 
cardinal septum. The counter fossula, on the opposite side, 
where no new septa are introduced, is bounded by the two 
primary septa (d, d) which enclose the cewnter septum (6). 
The alar fossulae are the spaces between each alar septum 
(c) and the newer septa which have been added on its 
counter side. , 

* The fossulse have been regarded as pits or chambers for 
those mesenteries which alone were specialised for repro- 
ductioif. Another explanation^ of the "nature of the 
cardinal fossula.is that it is due to the presence jof a groove 
on the ventrat side only of the stomodseum, similar to that 
found in tlie Kving family Zoapthidac ; it is thought that 
such a groove would account for the small size of the 
cardinal septum. ^ , 
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By many authors the Madreporarian corals have been 
divided into three sections: (1) the Aporosa, (2) the 
Perforata, and ‘(3) the Rugosa. The characters of these 
groups are : — 

(1) Aporosa. Theca and septa solid, the latter generally 
in multiples of six, with usually six primary septa. Tabulae 
rare. 

(2) Perforata. Distinguished from the Aporosa by 
the septa and theca being perforate. The perforations 
are sometimes numerous, so that the skeleton appears to 
consist of a network of rods. 

(3) Rugosa. Septa and theca solid, tabulae well 
developed. The coral is usually bilaterally symmetrical 
owing to the arrangement of the septa on either side of 
two opposite primary septa (the cardinal and counter septa), 
and to the presence of one or more fossulae. When four 
fossulae are present a tetraraeral character is given to the 
coral. The Rugosa are almost limited to the Palaeozoic 
formations; the name of the group is taken from the 
vertical ridges often seen on the wall of the coral. 

It is doubtful if this classification can be maintained. 
The separation of the Aporosa from the Perforata is 
especially difficult, since some of the former possess a few 
perforations in the septa^ whilst thg latter occasionally 
have nearly compact ^septa. • 

Until recently it has been generally maintained that 
the Rugosa possess only four primary septa — the dhrdinal, 
the counter, and two alar septa, which divide the coral into 
quadrants ; bn account of this the name Tetrawralla has 
sometimes been used for Jbhis group. Th^ study of the 
development of the septa has shown that there are really 
six .primary septa, and the Rugose corals consequently 
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agree in that respect with living Madreporaria, so that 
it is probable that both have descended from the saifie 
ancestors ; .the diflFerence in the mode of development of 
the later septa, however, seems to indicate that the two 
groups soon diverged. If this view is ccj^rect then the 
Rugosa must be regarded as a natural division. 

• Other writers, however, maintain that the Rugose corals 
do no't form a natural group, since the bilateral symmetry, 
the fossulse, etc., which were regarded as characteristics, are 
not in all cases found in adult specimens; and further, 
some of the Mesozoic genera of Aporose corals are stated 
to possess fossute and a bilateral symmetry, and to show 
in the young stages a pinnate arrangement of septa like 
that found in Rugose corals. Also some of the families of 
Aporose corals, particularly those found in the Trias and 
Jurassic, are said to possess features similar to those of 
certain Rugose families of the Palaeozoic •period, from 
which it is inferred that they are the descendants of the 
latter. Thus, for example, the Astraeidae (Aporosa) are 
believed by some authors to be closely related to the Cyatho- 
phyllidae (Rugosa), and the Turbinolidae (Aporosa) to the 
Zaphrentidae (Rugosa). If this view ofc the affinities of 
Aporose and Rugose families is correct, it is obvious that 
the Rugosa cannot be regarded as a natural group which 
because extinct or ^nearly extinct at the close of the 
Palaeozoic period, but that different Rugose families are 
the ancestors from which a number of Aporose families 
have sjMTUng independently. • 

Until ipore.is known of the aflBnities of the Rugose 
corals it viH be convenient to divide the genera described 
in the folfowiag pages into Rugose, Aporose, and Perforate 
groups. ’ 
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^ 1. Rugose Corals, 

Cyathophyllum. (fig. 30.) Simple or compound : often 
massive. Septa numerous, of 
two sizes, alternating, the longer 
reaching the centL^e where they 
may give rise to a false columella. 

Fossula often absent. Tabula) 
rather small, occupying the 
central part only of the visceral 
chamber. Dissepiments form 
an extensive peripheral zone of 
vesicular tissue. Bala to Car- Fig. 30. CyatJiophyllum murchUoni^ 

boniferous. Ex. C. murchisoni^ ' Carbomferoog Limestone. Por- 
^ 1 X . tion of a vertical section, d. 

a regium, Carboniferous Lime- dissepiments ; U tabula. 

stone. 

Acervulaiia. Compound, massive ; corallites with an outer 
polygonal (frequently hexagonal) theca, and an inner circular wall 
formed by the thickening of the septa. Septa well developed, the 
longer reaching the centre. Columella absent. Tabulae extend 
across the central part of the visceral chamber. Dissepiments 
form a peripheral zone of vesicular tissue. Silurian to Devonian. 
Ex. A, ananas^ Silurian. 

A B 
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fluent. Theca thin or indistinct. No columella. Tabulss and 
dissepiments well developed. Devonian and Carboniferous. 5x. 
P, hennahi and P. 'pengdlyi^ Devonian ; P. radiatm^ Carboniferous. 

Llthostrotion. (fig. 31.) Compound, either massive and 
with prismatic corallites, or formed of separated, nearly parallel, 
cylindrical corallites. Septa well developed, alt<?rnately long and 
short. Columella rod-like, laterally compressed. Peripheral zone of 
dissepiments narrow. Tabulae wide, occupying the centre of the 
visceral chamber. Fossula often distinct. Carboniferous. Ex. L. 
hasaltiforme, 

Omphyma. Simple, turbinate or conical. Septa numerous, 
alternately long and short, but extending only a short distance into 
the visceral chamber, the central part being occupied by tabulae. 
Four shallow fossulae are present. No columella. Peripheral zone 
of dissepiments relatively narrow. The theca gives off root-like 
precedes. Bala to Lower Ludlow. Ex. 0. suhturhinata^ Wenlock 
Limestone. 


a. 



Fig. 32. *Cli8iophyllum bipartituvif Carboniferous Limestone. Horizontal 
section showing the large central * i^eudo-columella.* Natural size. 
Fig. 33. Cyclophytlum fungites, Carboniferous Limestong. Horizontal 
section! a, Cardinal fossula. x lj|. * 

'« 

Clisiophyllum. (fig.«32.) Simple, turbinate or subcylindrical. 
Septa numerous, alte^gnately long and short ; a well-marked cardinal 
fossula. In the centre of the visceral chamber is a large^ ‘ paipudo- 
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columella/ which consists of vertical radiating plates crossed 
objiquelj by vesicular tabulse ; this structure forms a prominent 
projection at thq bottom of the calyx. The pseudo-columella is 
surrounded by a zone formed of tabulae, and external to this is a 
large zone of dissepiments. Carboniferous. Ex. G, hipartitum, 

Diblinoph]|Alum. Like Clmophyllum but with a strong 
median vertical plate across the iMseudo-columella. Carboniferous. 
Ex. D. muirkeadi. 

Cyclophyllum. (fig. 33.) Like Clmophyllum but with 
pseudo-columella surrounded by a distinct wall which is produced on 
one side into an angular or tongue-like projection pointing towards 
the fossula. Carboniferous. Ex. (7. fungites. 



Fig. 34. Zaphrentis delanouei^ Carboniferous Limestone. A, horizontal 
section ; a, cardinal septum in fossula ; b, counter septum ; c, alar 
septa; d, counter-lateral septa bounding the counter fossula; 
s, alar fossula. B, vertical section showing tabulas bending down 
into the cardinal fossula (a) ; 6, counter side, x 5. Drawn by 
R. G. Carruthers. ^ 

IiOnsdaleia. Similar to Clmophyllum^ but compound, and 
the septa do n^t re^h the wall of the corallite, the marginal part 
being occupied Ijy dissepiments odly. Carboniferous. ^ Ex. L, 
duplicata. • 

CyathajCOnia. Simple, turbinate or elongaie-cohical. Septa 
reach the columella, ^hich is solid. Fossula pIbeseiA. Tabulm 
sometimes present. No dissepiments. Carboniferoils. Ex. C, comu. 

ZaphrentiSt (fig. 34.) Simple, *free, bilateral; turbinate, 
conical, or cylindrical, often curved ; calyx deep ; theca thick. A well- 
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marked cardinal fossula is present. Septa moderately numerous, the 
larger reaching very nearly or quite to the centre, the smaller usiiajly 
short. Tabulae well developed, extending quite aeross the visceral 
chamber. No true dissepiments. Columella absent. Silurian to 
Carboniferous. Ex. Z. ddanouei^ Carboniferous Limestone. 

Amplexus. Similar to Zaphrentis^ but generally cylindrical, 
and with very short septa. Devonian and Carboniferous. Ex. A. 
cdtalloides^ Carboniferous. 

Caninlae Form similar to Zapfireniis^ but often cylindrical 
and slender. The longer septa meet in the centre in the lower part 
of the coral, but are usually short in the upper part. No columella. 
Tabulse well developed. A peripheral ring of more or less vertical 
dissepiments is present in the adult part. Carboniferous. Ex. (7. 
comuGopice, 

A B 



Fig. 35. Calceola sandalina^ from the Middle Devonian ; A^ showing 
interior of calyx ; B, inside of operculum of the same. Natural size. 

Streptelasma. Simple, conical or turbiiiate, bilateral, with 
a thick wall. Septa numerous, alternately long and short. A 
fossula usually present, but sometimes indistinct or wanting. 
Columella large, false, trabeculate. Tabulse irregular, usually poorly 
develop. Dissepiments moderately developed. Ordovician and 
Silurian. Ex. S, comiedum^ Ordovician. ^ , 

Cystiphyllum. Nearly always simple, conical. Septa and 
tabulse absent or rudimentary ; visceral chamber filled with vesicular 
tissue, the opter part consisting of dissepiments, the central part 
representing tabulse. Fossula sometimes present. Colifmella absent. 
Calyx oftendeop^ commonly with ridges representing septa. Silurian 
and Devonian. Ex. C. vesi^uhsum, Devonian. 

Calceola. (fig. Simple, conical or slipper-shaped, one side 
is flat, the other convex ; calyx very deep and closed by a i^mi]unar 
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operculum, which has on its inner surface a strongly-marked median 
ridge and several less prominent lateral ridges ; septa indicated by 
strisB in the calyx* ; wall thick. Middle Devonian. Ex. C. sandalina. 

Goniophyllum. Similar to Calceola, but quadrangular ; 
operculum consists of four plates forming a pyramid over calyx. 
Visceral chambel* filled with vesicular tissue. Silurian. Ex. O. 
fletckeriy Wenlock Limestone. An operculum also occurs in 
the allied genus Rhizophyllum^ Silurian. 

2. Aporose Corals. 

Turbinolia. Simple, conical, free ; calyx circular, with pro- 
jecting columella. Septa exsert. Cost® lamellar, projecting, with 
pits in the grooves between them. No dissepiments or tabulm. 
Eocene and Oligocene (? Kecent). Ex. T. humilis^ Barton Beds. 

Flabellum. Simple, compressed, fan-shaped, free or ffxed by 
rootlets. Calyx narrow, deep ; septa numerous. Columella trabe- 
culate. Costae smooth or spiny. Upper Cretaceous to present day. 
Ex. F, wood% Coralline Crag. 

Montlivaltia. (fig. 25.) Simple, fixed or free; turbinate, 
cylindrical, conical, or discoidal. Epitheca well developed, theca 
thin. Columella absent. Septa numerous, strong, often exsert, the 
upper edges dentate. Dissepiments abundant. Trias to Recent; 
in England, Lias to Corallian. Ex. M. trochoides^ Inferior and Great 
Oolite. 

Parasmilia. Simple, fixed, turbinate or elongate. Calyx 
circular. Columella spongy. Septa well developed, exsert, granular 
on the sides. Wall with costae. Cretaceous to present d^. Ex. 
P. cefKUraliSy Chalk. * *; 

Isastraea. Compound, massive; calyces polygonal. Walls 
of the corallites fused along their entire length. Columella rudi- 
iftentary or absent. Septa thin and close together. Dissepiments 
abundant. Trias to Eocene ; in England, Lias to'Upper Greensand. 
Ex. /. explanatay Corallian. * * 

Stylina. Compound, usually magsive ; calyces circular, pro- 
jecting, usually separated. Columella small, s^yliform. Septa exsert. 
Disi^piments abundant. Corallites united by costm. Basal epi- 
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theca with fglds. Trias to Cretaceous ; in England, Inferior Oolite 
to Corallian. Ex. 8, tuhvlifera^ Corallian. ^ 

Thecostnilia. Compound, dendroid or rarely almost massive. 
Multiplication by fission. Margins of calyces irregular. Columella 
rudimentary or absent. Septa strong, upper edgei^ dentate, more or 
less exsert. Dissepiments abuniLint. Epitheca thick and folded, 
bub often not preserved. Trias to Tertiary ; in England, Lias to 
Kimeridgian. Ex. T, annularis^ Corallian and Kimeridgian.* 

Holocystis. Compound, massive, convex ; calyces polygonal. 
Columella very small or absent. Corallites united by their walls or 
by costsd. The four principal septa are much better developed than 
the others. Tabulae well developed. Lower Greensand. Ex. H, 
elegans, 

3. Perforate Corals, 

TAamnastraea. Compound, massive ; convex or laminar. 
Walls of the corallites indistinct. Calyces shallow. Septa formed 
of fan-shaped rows of rods ; the septa of adjoining corallites con- 
fluent ; faces of septa with granulations. Columella small, trabe- 
culate. Dissepiments present, synapticulae numerous. Usually a 
basal epitheca. Trias to Miocene ; in England, Lias to Upper 
Greensand. Ex. T, arachmides, Corallian. 

Mlcra.b8.cla. Simple, free, discoidal, base concave. Colu- 
mella false. Septa numerous, with their outer edges perpendicular. 
Synapticulao present. Theca on the base only, thin ; costae granular. 
Upper Cretaceous. Ex. M, coromda, 

Gcnlopcra ( = /^tV^arcea). Compound, massive. Calyces more 
or less polygonal. Septa well developed, the faces spiny, the upper 
edges dentate. W alls of the corallite^ reticulate. Columella formed 
by the ends of the septa. Cretaceous to present flay, common in the 
Eocene. ^ Ex. G. wehsteri^ Bradklesham Beds. 


. ORDER II. ALCYONARIA 

The Alcyoharia are ^nearly all colonial organisms ; the 
polyps possess eigjjt mesenteries and eight tentacles, the 
latter being provided with pinnules (fig. 36, 4). ^ In. the 



94 


ANTHOZOA. ALCYONARIA 


stomodaeum there is only one groove with cilia, and the 
longitudinal njuscles on the mesenteries are all directed 
toward the groove (fig. 37, e). All the mesenteries reach 
the stomodseum (i). The nature of the skeleton varies 
considerably; in Alcyonium it consists of isolated spicules 
of carbonate of lime embedded in the common gelatinous 



Fig. 36. Fart of a coloDy of Alcyonium digitatum^ showing thirteen 
polyps in various stages of u3traction and Expansion. (From Shipley 
and MaoBride.). 1, mputh; 2, stomodeeum; 3, mesenteries; 4, ten- 
tacles. xS. ^ 

base in which the polyps «are placed. In some cases it has 
the form of an axial rod surrounded by the‘soft*parts ; this 
rod may consist of homy material {e,g, Qorgmi^ or of car- 
bonate of lime {e,g. Gorallium, the, red coral), or it may be 
formed of alternating segments of horihy and of calcareous 
material as in Isis, In the ' organ-pipe coral \{Tubipora 
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musica, fig; 38) the skeleton consists of numerous parallel 
tubes or corallites (a) which are not in contact but are 
held together by horizontal calcareous plates or ‘plat- 
forms ’ (6). The walls of the corallites, although apparently 
quite compact, are really composed of spicifles which have 
serrated edges and are firmly fitted together. A single 



Fig. 37. Transverse section through a polyp of Alcyonium digitatum in 
the (egion of the stomodsBum. x about 120. 1, cavity of stomodsBum ; 

« 2, ventral groove with cilia (siphonoglyph) ; 3, ectoderm ; 4, gelatin- 
ous layer; 5, endoderm; 6, muscles of mesenteric's; 7, cavity between 
mesenteries. (After Hicksou) 


polyp lives at the summit of each corallite ; spi^^ules occur 
in the middle gelatinous layer of the polyp, and in the 
lower part become interlocked to form the solid wall of the 
corallite. The interior of each corallite is divided up by 
tabulm which are often fu^el-shaped (fig. 38 o). j «* 
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In some of the Alcyonaria, as for example Pennatula, 
tliere are in addition to the ordinary poljrps (or autozooids) 
others of a more rudimentary character, known ’as siphono- 
zooids, in which tentacles are absent. 

The blue ioral (Heliopora) differs from other living 
Alcyonaria in that the skeleton consists of calcareous fibres 
instead of spicules, and in this respect resembles the 
Madreporaria. Heliopora has the form of branched or 
lobed masses, and is composed of tubes of two sizes ; the 



Fig. 38. TMpora \nuaica, Recent. A, part of a colony, natural size. 
B, diagrammatic vertical section of one corallite (enlarged) showing 
canals in the wall and platform, a, corallite; &, platform; c, tabula. 

larger tubes or corallites^are circular and possess usually 
fifteen spine-like projections at their summits with ridges 
below; theSe are called pseudosepta, since they are not 
^elated to the number pf mesenteries and do nfit corre- 
spond with true septa. The smaller* tubes form a‘ 
coenenchyma between the corallites, and are*moje irregular 
in form. Both corallites and coenenchymal tubes are 
divided by horizontal plates or tabu^. The soft parts 
form a^^thin sheet over the surface of the skeleton ; polyps 
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(fig. 39, ah) are placed in the corallites and give off 
branching tubes (d) which cover the coenenchyma aifd 
send blind .prolongations or caeca {e) into ife tubes. The 
caeca were formerly regarded as siphonozooids. 



Fig. 39. Heliopora ccurulea, A single polyp and the adjacent soft parts. 

а, the projecting part of the polyp with eight pinnate tentacles ; 

б, lower part of the polyp ; c, ectoderm; d, sheet of canals; e, croca. 

(After Bourne.) 

Alcyonaria are rare as fossils, unlesg the Pala30zoic 
genera, described below, be included in that group; but 
the systematic position of those genera cannot yet be 
regarded as definitely established. Some of them present 
considerable resemblance to living Alcyonaria ; for example, 
Syringopora is similar to Tubipofa, and S[eliolites to 
Heliopoi'ja: on account of* this, many authors maintain 
that these fossil forms belong to the Alcyonaria, but this 
relationship is denied by other writers, who point out that 
the skeleton ia not formed of spicules, but is similar in 
structure to that of Zoasntharian corals, and further that 
there is a close resemblance between Favosites and the 
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living Zoantharian Alveopora ; if it could be shown that 
these two forins are related, then it would follow that 
Favosites and other allied fossil genera (including Syringo- 
pora) must be placed in the Zoantharia. ^Another view 
of these Palaeozoic corals is that they do not belong to 
either the Zoantharia or the Alcyonaria, but constitute 
an isolated group of the Anthozoa. These genera are 
characterized by their numerous and well-developed tabulae, 
and by the septa being, in most cases, represented by 
ridges or spines only. A few species which appear to be 
allied to the Palaeozoic forms have been found in deposits 
of Mesozoic age. 

Syiingopora. Compound ; corallites tubular, for the most 
part not in contact, more or less parallel to one another. The 
interiors of the different corallites communicate by means of 
horizontal connecting tubes. Septa feebly developed, generally 
represented by^pines. Tabulje numerous, more or less funnel-shaped. 
Budding basal. Llandovery to Carboniferous Limestone. Ex. S. 
reticiUataj Carboniferous. 

Syringop<yi'a agrees with TuUpora (fig. 38) in consisting of 
parallel, cylindrical corallites, which have funnel-shaped tabulas, and 
in its basal-budding ; it differs from Tubipora in having much 
thicker walls whict are not composed of spicules, and are not per- 
forated by minute canals ; also in the tabulse being much less regular 
in form and position, and in possessing septa in the form of spines. 
The platforms of Tuhipcyra (which arc traversed by canals opening 
into the corallites) are represented by the connecting ^ubes of 
Syringopora; in fine species of Syringopora {S, tahvlata) ‘the 
resemblance h particularly close, sin^ the connecting tubes are given 
off from the cox*allites at definite levels in a radiating manner. 
On the other hand it must be noted that Heteromnia provtncialisj 
an AporosCflCoral from the Chalk, closely resembles Tubipora in its 
general build. j 

Favosites. Compound, massive, tsometimes branched. Coral- 
lites long and polygonal ; the walls are in contact but not fused, and 
are.per%)rat^ by pores (‘mural pores*) arranged in rows along each 
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face. Septfiu absent or represented by rows of spines. Tabiyae 
numerous, regular, generally extending quite across the visceral 
chamber. Basal epitheca present. Bala to Car&)niferous Lime- 
stone. Ex. F, gothlandica^ Silurian. 

FavositeB is 'related to Syringopora^ but the pcorallites are in 
contact, and consequently connecting tubes are absent, though 
probably represented by the mural pores. The living Madreporarian 
Aiveopora agrees in general structure with Favosites^ but its walls 
are less compact, and its basal epitheca is quite small. Some corals 
{e,g, Koninckia^ Uhaghsia) which resemble Favosites arc found in 
the Upper Cretaceous, and are regarded by some writers as links 
between Favodtea and Aiveopora, Aiveopora has been recorded 
from the Upper Cretaceous of Portugal. 

Pachypora. Similar to Favosites^ but the walls of the coral- 
lites ar^ greatly thickened, especially near the surface of the coral, 
by a secondary deposit of carbonate of lime. Silurian to Carboni- 
ferous. Ex. P. cervicomia^ Devonian. 

Alveolites. Allied to Favodtea. Massive, *encrusting, or 
branching. Corallites laterally compressed, with thin walls and 
large mural pores. Silurian and Devonian. Ex. A. lahecJiei, 
Silurian. 

Pleurodictyum. Compound, discoidal, attached by part of 
the base, upper surface slightly convex. Corallit«s diverge from the 
centre of the base ; walls thick, with irregular pores. Septa rudi- 
mentary. Tabulie not numerous, more or less united. A basal 
epitheca. Silurian and Devonian. Ex. P. problematicum^ Devonian. 
• • • 

Michelinia. Similar to Pleurodictyum^ bpt the tabulae are 
more numerous and form a vesicular tissue, and root-like processes 
are usually given off from the epitheca on the base of the coral. 
Devonian and Carboniferous. Ex. M. ftxvoaa^ Carboniferous. • 

t 

m 

Heliolites (fig. 40). Corallum compound, massive or branch- 
ing, formed df tubes of two sizes ; the larger circular ones are the 
corallites, between which arft the smaller polygonal tubes forming 
the coenenchyma. Tabulae occur in both, and in the corallites there 
are septa which aire usually lamellar and are generally twelvd in 

7-2 



100 


ANTHOZOA 


number. Columella sometimes found in the corallites. Bala to 
Devonian. Ex. •porosm^ Devonian. 

In general structure Heliopora is similar to Helielites^ but is 
more branching, whilst HelioUtea fonns rounded or encrusting 
masses ; further, y, the smaller tubes which form the coenenchyma 
branch dichotomously in Heliolites^ but in Heliopora new tubes are 
introduced between the older ones. By many writers these two 
genera are considered to be closely allied, but the relationship is 
denied by others, who state that important differences are found in 
the structure of the corallito walls and septa. According to Lind- 
strbm and others, the corallites of Heliolites possess a distinct and 



Fig. 40. HelioHtcs porosus^ Devonian. A. Horizontal section. B. Ver- 
tical section, a, corallites ; b, tubes forming the coenenchyma ; 
c, tabulffi. X 5. 

independent wall (theca) and also have true septa, whilst in Heliopora 
the corallites*are simply bounded by the walls of the coenenchymal 
tubes, and possess pscudosepta instead of septa and thesQ have the 
form of ridges except at the’'openings of the corallites. Bourne, on 
the other band, considers that the corallites of HeUolites possess 
no independent wall, and agree in this respect" with Heliopora, 
Although the coenenchyma of Heliolitea resembles closely that of 
Heliopora^ yet Lindstrom and Eiar maintain that it has originated 
independently in the two genera, and cannot be taken as evidence of 
relatioiiship ; this view is based on a study of the development and 
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phylogeuy of HelioUtes^ and leads to the conclusion that that genus 
and its allies constitute a specialised offshoot from the edirly 
Zoantharia. ^ The great interval of time between tfie last appearance 
of Heliolites and fiist appearance of Heliopora lends some support to 
the view that these genera are not closely allied ; the former and its 
allies are not known in rocks of later age than thfe Devonian, while 
the latter has been recorded in rocks of Cretaceous and later date 
only. Polytremacis^ found in the Cretaceous, is allied to Heliopora, 

Plasmopora. Allied to Heliolites. Usually discoidal or 
hemispherical. Walls of smaller tubes incomplete or absent, and 
their tabulae forming a vesicular tissue. Septa in corallites lamellar, 
and prolonged outside each calyx, so as to enclose large spaces of 
uniform size. Basal epithcca with concentric ridges. Ordovician 
to Devonian. Ex. P. petaliformis, Silurian. 

Propora. Allied to Plasmopora. Edges of calyces projecting ; 
septa •represented by spines, and not prolonged outside the calyx 
to enclose large spaces. Ordovician to Silurian. Ex. P. tuhulata, 
Wenlock Limestone. 

Halysites. Compound ; corallites long and tubular, arranged 
in a single row and united at their sides so as to form laminae, which 
intersect ; in some species the corallites are of two sizes — the 
smaller perhaps represent the ccenenchymal tubes of Heliolites- 
Epitheca thick. Septa absent or represented by spines. Tabulae 
well developed, horizontal or concave. Llaudeilo Beds to Wenlock 
Limestone. Ex H. eatenularia^ Wenlock Limefjtone. 

ChSBtetes. Massive, often laminar, consisting of slender, 
tube-like polygonal corallites ; walls without perforations. Tabulae 
few, wjdely separated. Chiefly Carboniferous. Ex. C. radians. 
Tbe systematic position of Choetetes fe uncertain ; by some authors 
it has been referred to the Polyzoa. 


• Distribution of the Anthozoa , 

• • • 

From the •point of view of their distribution at the 
present day, the Madreporaria may be divided into two 
groups, the solitary and the reef-building. 
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The solitary corals (ie. the corals which do not form 
reefs) are found in almost all latitudes, but live mainly in 
rather deep water, the larger number occurring between 
depths of 50 and 1000 fathoms ; some few Garyophyl- 
lia) live in quiVe shallow water, whilst others inhabit the 
depths between 1000 and 2900 fathoms. The species of 
solitary corals have a wide distribution, being apparently 
but little affected by conditions of temperature and depth. 
It might therefore be expected that they would also have 
a long range in time; this however is not the case, for 
existing species extend but a short way back into the 
geological record, and not a single living form is found 
fossil in the English Cainozoic formations ; about a third 
of the living genera, however, are represented in Cainozoic 
rocks, and a few {e,g, GaryophylUa, Parasmilia, Trocho- 
cyathus) occur in Mesozoic formations, but none range into 
the Palaeozoic. 

The distribution of the reef-building corals, unlike that 
of the solitary forms, is limited by both depth and tempera- 
ture. Thus they are found only in shallow water, not 
usually extending lower than 20 or 30 fathoms, and only 
where the temperature of the ocean is not less than 65°F.; 
they flourish only in water warmer than this. Like the 
solitary corals, the reef-building genera of the present day 
have but a very limited geological raiige, only a very few 
extending back so far as the Mesozoic period. “ 

Corals, with possibly one or two exceptions, can only 
exist in salt water; but Madrepora mbripora* is said 
to inhabit nearly fresh water. Clear water*, is likewise 
generally necessary; but one species, PoritesdimGsa, thrives 
in muddy situations. In geological times,**an(f especially 
in the Palaeozoic and Mesozoic periods, the reef-building 
corals had a much wider geographical range than they have 
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at the present day, and their remains occur abundantly in 
various formations in both temperate and^ polar regions ; 
but in the ‘course of the later Caiiiozoic period the range 
of the reef-builders became more and more restricted until 
the present limits were reached. ^ 

The Alcyonaria occur in all parts of the world, and are 
found at all depths from the shore-line down to 2,300 
fathoms, but they are most abundant at depths of less 
than 100 fathoms ; beyond this limit the number of species 
gradually diminishes as the depth of the water increases. 

With few exceptions the Zoantharia found in the 
Palaeozoic formations belong to the Rugose group. The 
Palaeozoic families which have been referred to the 
Alcyonaria are almost unrepresented in later formations. 
Very few of the modem Alcyonarian families occur fossil, 
but the Pennatulidae are represented in the Trias by Pro- 
graphulana, in the Cretaceous by Pavonana, and in the 
Cainozoic by Oraphularia, The red coral, Gorallium, is 
found in the Cretaceous and Cainozoic (perhaps also in the 
Jurassic); forms allied to Gorgroma occur in the Cretaceous 
and Tertiary rocks; Isis is found in the Cainozoic, and 
perhaps also in Cretaceous formations. •Spicules, similar 
to those of Alcyonium, have been detected in the Upper 
Cretaceous. Heliopora is first recorded from the 
Cretaceous. The organ-pipe cqral, PM6^Jpora, has not been 
found fossil. 

Fossil corals are comparatively rare in argillaceous and 
arenaceous beds but often abuiviant in calcareous rocl^s, 
many limestones being formed almost entirely of coral 
remains. * This is indeed what might be expected, since 
existing forms can, as^a general rule, live only in clear 
water. The chief, features in the geological distribution 
of the Anthozoa are given in the following table. ^ 
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^ Cambrian. A fow genera which may be corals have been found 
in the Cambrian in North America, Sardinia and Spain. 

Ordovician. In North America corals (especially *Streptelobama) 
are common in this system, but in England only a few forms have 
been found, the Aiost important being Favosites, HelioUtes, Halydtm, 

Silurian. Corals are very abundant, especially in the Wenlock 
Limestone. Cyathopkylhim^ Aceroularia^ Omphyma, JjiTidstroemia, 
Goniophyllumy Syrhigopora^ Favosites^ Heliolites^ Plasmopora^ Pro- 
poray Halysites, 

Devonian. Cyathophyllum^ Acervularia Phillipsastrcea { = Smi- 
thia)y Cystiphyllumy CalceoUiy Favositesy Pachyporay Pleurodictyumy 
Heliolites. 

Carboniferous. Cyathophyllumy Litho&trotioriy Cliswphyllumy 
Dihunophyllumy Cydophyllumy Lonsdaleuty ZaphrmitiSy Cyatho^oniay 
Caniniay AmplexuSy Cleistoporay Michelinuiy Synngopora, 

Permian. Only a very few forms have been found. 

Trias. Corals are absent in England, but abundant in the Alpine 
Trias ; most of the Palaeozoic forms have become extinct and in 
place of them are Rhabdophylliay Cladophylliay Montlvvaltiay 
Thecosmiliay Isastnvay Phyllomniay Astromniay Stylinay Omphalo- 
phylUa. 

Jiirassic. Mon^ivaltiay Isastrcea, Thamnastrcea and Thecomdlia 
are found in the Lias but are not common ; in the Oolites they 
become very abundant and several other genera also occur, e.g, 
StylinOy Cyathophoray Cladophyllia, Calamophylliay Anahacia, 

Cretaceous. Corals arc rot abundant" in England ; fhe chief 
forms are Parasmiliay TrochocyathiiSy Micrahaciay Bolocyatis. In 
some parts qf‘'Europc, especially in the Gosau beds (of Chalk age) of 
the Austrian Alps, corals are very numerous, and include A^troccenia, 
Montlivaltiay IsastrcEay CycloliteSy Thamnastrveay etc. ^ 

Cainozoic. Corals .are rare in English Cainozoic (formations : 
Turhinoliay Dendrophylliay OcuUna and Qoniopora,{LitharcBa) occur 
in the Eocene ; Madrepora rii the. Oligocene ; Flahellwm in the 
Pliocene. In the middle and south of Europe, corals are found 
abundantly in various Cainozoic deposits. 
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The animals included in this division are alljnarine; they 
comprise the star-fishes, brittle-stars, sea-urchins, sea-lilies, 
sea-cucumbers, and the extinct blastoids and cystideans. 
The body is very often radially symmetrical, the symmetry 
being generally pentamerous. But in many cases there is 
also a more or less well-marked bilateral arrangement of 
parts. The echinoderms are never compound animals. In 
the majority of cases the alimentary canal terminates in 
an anus. A body-cavity or coelom is present and surrounds 
the alhnentary canal. The wat^r- vascular system (fig. 43) 
is* one of the distinguishing features of the group : it con- 
sists of a set of vessels •containing a watety fluid and 
generally placed in communicatipn with the sea- water by 
means of m, canal; one vessel forms a ring round the 
CBSophagute fifem which radiating trunks are given off. 
The water-vascular system functions in respiration and 
as a sensory orgat^ and generally also in locomotion. A 
nervous system is present ; one part of it has a distjibution 
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similar to that of the water- vascular system. ' Repro- 
duction is mainly sexual ; as a rule the sexes are separate, 
but do not differ externally. 

In nearly all echinoderms there is a dermal skeleton. 
This is calcareous and consists sometimes of isolated pieces, 
but more usually of rods or plates united by fibres of con- 
nective tissue and forming a complete shell or test, which 
may be either flexible or rigid ; spines and other processes 
are often attached to the plates. When examined micro- 
scopically each part of the skeleton is found to be formed 
of a network of calcareous rods (fig. 41). The details of 
the structure vary in different forms, depending on the 



Fig. 41. A. Portion of transverse section of a 8pin6 of a sea-urchin, 
Echinometra^ Recent. Magnified. B. Section of interambulacral 
plate of recent Cidarig cut parallel to the surface. Magnified. 

I ^ 

t- 

size and shape of thp spaces between the rods. In 1/he 
spines of sea-urchins the network of rods has usually a 
i;adial arrangement, witlj polygonal or rectangulsCr spaces 
(fig. 41 A), except at the centre, where the structure is 
more irregular. A*nother characteristic ffeatiwe of the 
skeleton is that each coipponent^ part shdws the optical 
characters of a crystal of calcite, and differs only from an 
ordinary crystal in not having crystal contours and in the 



ECHINODERMA 107 

possession of the netted structure. In a plate the princi- 
pal crystallographic axis is at right angles ^to the surface, 
in a spine it is parallel with the length. In fossil specimens 
the spaces in the network of rods usually become filled 
with calcite, which is deposited in crysta'Aine continuity 
with that forming the plate or spine. In such cases the 
characteristic cleavage of calcite becomes well marked, so 
that when the plate or spine is broken, the fracture passes 
along the cleavage planes, instead of being irregular as in 
the recent forms. By the infiltration of calcite and the 
development of cleavage, the organic structure in fossil 
echinoderms is sometimes partly or almost completely 
destroyed. 

The Echinoderma are divided into two main groups, 
(1) the Eleutherozoa, (2) the Pelmatozoa. 


I. ELEUTHEROZOA 

The Eleutherozoa possess no fixing organ and are able 
to move about freely. This group is divided into four 
classes; — (1) Asteroidea, (2) Ophiuroidejl, (3) Echinoidea, 
(4) Holothuroidea. 

, CLi^SS I. ASTEROIDEA 

The Asteroidea or star-fishes have a flexible body which 
may be pentagonal in outline, but is usually hiore or less 
star-sha*Jped, consisting of a central part, known as the 
disc, and ef five broad arms or rays. In a few forms 
there are tooife than five arms, e,g, Sblaster papposus has 
thirteen. * ^ » 

The mouth is g-t the centre of the disc on the under 
surface, and along the under surface of each arm jre rows 
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of tubular processes, the tube-feet, which are , connected 
with the radial water-vessel. This surface of the body is 
called the oral, ambulacral, actinal, or ventral surface. The 
upper surface is ahoral, anti-ambulacral, abactinal, or 
dorsal ; on it Usually occur the anus and madreporic plate. 
The anus is situated near the centre of the disc, but in 
some forms {Astropecten) is absent. The madreporite or 
madrepoiic plate is a porous plate placed between two of 
the rays on the disc ; sometimes more than one is present. 

On the oral surface, extending from the mouth to the 
tip of each arm, is a deep groove, the ambulacral groove ; 
this is formed by two rows of plates known as the, 
ambulacral ossicles (fig. 42, a), 
which meet at an angle; the 
ossicles on one side of the 
groove are movably articulated 
with those opposite. Along 
each side of the ambulacral 
groove there is a row of pores, 
each pore being between two 
ossicles; generally the pores 
are arranged in a straight line, 
but in some forms they are 
zigzag, being alternately near to, and distant from, the 
middle of the ambulacral groove. External to the ‘rows of 
ambulacral ossicles there is, on each side of the groove, 
another row of plates, the ad-ambulacral plates (6). At 
^he sides of the arms there are in many cases twd rows of 
marginal plates (c, d) — the supero- and infero-marginals. 
In some forms marginal plates are small of absent. The 
aboral surface of the skeleton is often formed of a mesh- 
work of calcareous rods with leathery, skin in the inter- 
spaces,, but in some forms rows of distinct plates extend 



Fig. 42. Section of the arm 
of a star-fish (Astropecten), 
a, ambulacral ossicles ; b, ad- 
ambulacral plates ; c, inforo- 
marginal plates with spines ; 
d, Bupero -marginals ; e, radial 
water vessel ; /, ampulla ; ff, 
tnbe-feot. Enlarged. 



ECHINODERMA. ASTEROTDEA 


109 


along the arms, and on the aboral surface of the disc there 
is sometimes a central plate with others arranged in circles 
around it. ' Short spines are often abundant. Pedicellarice 
are also of frequent occurrence, especially on the aboral 
surface ; they are modified spines consistiifg typically of 
two movable blades which are often borne on a stalk, and 
serve to remove foreign bodies from the surface of the 
animal. Projecting into the mouth at the angles formed 
by the ambulacral grooves are five pairs of plates, which 
give the mouth a star-shaped form. The mouth leads 
into a short msophagus which opens into the globular 
stomach; above the stomach is the pentagonal pyloric 
sac, from the angles of which are given off branches, which 


soon divide into two, and ex- 
tend down the arms near the 
aboral surface. From the 
pyloric sac a short narrow 
intestine leads to the anus 
at the centre of the aboral 
surface. The water- vascular 
system consists of a vessel 
forming a ring round the 
oesophagus (fig. 43, a), from 
which ring a branch (6) is 
given to each arm and is 
placed in the ambulacral 
groove outside the skeleton. 
Each of these radial vessels 
gives off t\f 0 rows of processes 
on opposite sides, which pass 
through the pores between 
the ambulacral ossicles into 




Fi^. 43. Diagram of the water- 
vascular system of a star-fi^. 
a, circular vessel round the 
mouth*; &, radial vessels ; c, 
Polian vesicles ; d, stone-caual ; 
» c, madreporic plate ; /, tube-feet 
(only a few shown) ; ampulla. 


vesicles situated above .the ossicles and knowi\ as the 
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ampullcB (g), and also into* the tubular processes known as 
the tube-feet (f), which project along the under surface of 
the arm and are provided at their extremities with sucking- 
discs. The discs become attached to foreign bodies, and 
by means of the contraction of the tube-feet the animal 
moves. The water- vascular system is placed in com- 
munication with the exterior by a canal (fig. 43, d) passing 
from the circular vessel to the aboral surface of the disc 
and ending in the madreporic plate. This is known as the 
stone-canal on account of the deposit of carbonate of lime 
in its walls. On the aboral surface, and sometimes upon 
other parts of the body also, there are tube-like projections 
of the skin, which form simple respiratory organs known 
as dermal hranchue. 

The distribution of the main part of the nervous 
system is similar to that of the water-vascular system. 
It consists of a ring round the mouth and of a branch 
which extends down the arabulacral groove of each arm ; 
there is also a layer of fine nerve-fibres under the ectoderm. 
At the tip of each arm is an eye-spot. The genital glands 
occur in pairs at the base of each arm and open to the 
exterior between' the rays; generally the openings are on 
the aboral surface, but in a few cases on the oral surface. 

Palseaster. Body pen^gonal. Diso small. Arms*' thick, 
convex, of moderate length ; upper surface formed ot rows of sm&ll 
ossicles provided with spines. Ambplacral ossicles alternating on 
either side of tho deep ambulacral groove. There is % row of 
ad-ambulacral plates and a K)w of large marginal plates. Madre- 
poric plate sijiall. Bala Beds to Carboniferous. Ex.*P. eucharisy 
Devonian. 

#. 

Palaeasterina. Disc laVge, x>6niagonal. Arms short, but 
distinctly marked ofi' from the disc ; ambulacral ossicles alternating ; 
marginal opiates smaller than ad-ambulacrals and usually with small 

N. 
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spines. Ad-ambulacrals boot-shaped. Disc with ix)unded isolated 
plates; on the aboral surface a central plate is surrounded by^a 
circle of five, pairs of plates, and four rows of pliftes occur on the 
aboral surface of each arm. Ordovician and Silurian. Ex. P, 
primmva^ Ludlow. ^ 

Calliderma. Body flattened, i)entagonal-stellate, with the 
rays moderately long. Marginal plates large, forming a broad border 
to the disc, covered with granules. Aboral surface of disc with small 
plates arranged regularly. Cretaceous to present day. Ex. (7. 
smithioB^ Chalk. 

Metopaster. Body flattened, pentagonal in outline, the rays 
only slightly produced. Marginal plates thiek, covered with punc- 
tations and surrounded with a depressed border. Supero-marginal 
plates few in number, forming a broad border to the disc; the 
terminal pair of plates the largest. Aboral surface covered with 
small polygonal (usually hexagonal) plates. Infero-raarginal plates 
more numerous than the supero-marginals. Plates on the oral 
surface small, polygonal. Cretaceous. Ex. M. parhinsoniy Upper 
Chalk. 

Mitraster. Similar to Metopdstery but rounded (or slightly 
pentagonal) in form, with supero-marginal plates few and all of 
equal size. Chalk. Ex. M. Imnteri. 

PalCBOC oma • Arms rather short. Ambiilacral grooves narrow 
and shallow ; ambulacral ossicles numerous and alternating on either 
side. Ad-ambulacral plates large ; the adjoining row of plates with 
numerous long spines. Disc with very small plates. Silurian. 
Ex. P. mantoniy Ludlow. 


DistHhution the Asteroidetj, * 

The Asteroidea have a wide distribution in the ocean 
at the present 'day ; they are most abundant at moderate 
depths, but alsb occur in abyssal regions. 

The fossil forms do not differ greatly from the modem 
ones, but many of those found in the Palseozoic forpiations 
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have the ambulacral ossicles alternating on either side of 
the ambulacral groove. The earliest star-fishes are found 
in the Tremadoc Beds (Upper Cambrian). The genus 
Pakeaster appears in the Bala Beds. The group is more 
abundant in the Silurian, where Palcemter, Palwasterina, 
Urasterella, Lepidaster, and Palwocoma occur. Pakeaster, 
Aspidosoma and many others are found in the Devonian. 
Jurassic forms have been referred to the genera Solaster, 
Astrospecten, and Plumaster. Calliderma, Metopaster, 
Penitagonaster, and Mitraster occur in the Upper Cre- 
taceous. In the Cainozoic rocks of England star-fishes are 
rare. 


CLASS II. OPHIUROIDEA 

In the Ophiuroids or brittle-stars, the body consists 
of a disc and arms. The arms are generally five in 
number, usually simple, but in some cases branched; they 
are much smaller than in the star-fishes and are sharply 
marked off from the disc and do not contain prolongations 
of the generative and digestive systems. Usually they 
are long, cylindrical, and very flexible, serving for locomo- 
tion by means of movements which take place chiefly in 
a horizontal direction ; the ambulacral groove is not open 
to the exterior except, apparently, in a few Palaeozoic forms. 
The arrangement of the nervous and the water-vascular 
systems is similar to thaj found in the Asteroideay but the 
tube- feet are not provided with sucking-discg and there 
are no ampullae. The madreporic plate is on the oral 
surface. There is no anps, and pedicellariae are nearly 
always absent. 

Generally there is a well-developed skeleton. In a 
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typical case the following parts are found : — Encasing the 
arms there are four rows of plates (fig. 44), one dorsal, one 
ventral, and two lateral. The lateral plates are provided 
with rows of spines. Between the lateral and the ventral 
plates are apertures for the 
passage of the tube-feet. The 
greater part of the space en- 
closed by the four rows of 
plates is filled up by a longi- 
tudinal row of ossicles {d); 
each ossicle consists of two 
I«tto*Uoh»re neatly always 

fused together along the dorsal plate ; b, lateral plate ; 

1 . i • 1 T ventral plate ; d, ambulacral 

median vertical line. Each ossicles fused along the median 

ossicle in the row articulates vertical hue ; ambulacral 

groove. Enlarged. 

With the preceding and suc- 
ceeding one, so that the arm is flexible. Oil the under- 
surface of the row there is a groove (e) in which the 
water- vascular vessel and the nerve cord are placed; this 
corresponds to the ambulacral groove of the star-fish, and 
the plates above represent the ambulacral ossicles. 

The disc is usually round or pentagonal. On its 
oral surface (fig. 45 A) the arms are prolonged so as to 
reach the mouth. The last pair of ambulacral ossicles, — 
those aext the moujih, instead of being fused like the 
others, remain free, and each ossicle unites with that 
of the adjoining arm. The parts of the disc between 
the arms*are known as the irderhrachial areas ; these are 
covered mainly with scaly plates and granules, but in each 
of the areas there is one large plate, the buccal plate (6), 
and other smaller plates, projecting into the mouth, giving 
it a stellate form. One of the buccal plates serves as the 
madreporic plate. The genital openings {g) also occur on 

w. p. 
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the oral surface of the disc ; they are in the form of slits 
in the interbrachial areas, usually two in each, situated 
near the bases of the arms; occasionally there are four. 
The aboral surface of the disc (fig. 46 B) is, in most cases, 
covered with numerous small plates ; but usually there is 



Fig. 45. A. Ophiiira^ Recent. Oral surface of disc and part of the 
arms. 5, buccal plates ; genital slits ; v, ventral plates of arms. 
B. Ophioglypha, Recent. Aboral surface, r, radial plates ; lateral 
plates of arms ; d, dorsal plates of arms, x 1 J. 

at the bases of the arms on each side a large plate, the 
radial plate (r ) ; there may also be a large plate at the 
centre of the disc surrounded by one or more circles of five 
plates. On this surface the arms end abruptly at the 
margin of the disc. 

Protaster. Disc well marked, with -fairly large scales. Arms 
five, long, tapering, without ventral plates; ambulacra! ossicles 
boot-shaped(, alternating, not un^jed. Ordovician and Silurian. 
Ex. P, sedgwickiy Silurian. 

Lapworthura. Disc circular, well marked. Arms flexible, 
broad, at first of uniform width, afterwards tapjjrin^ ; ambulacra! 
ossicles opposite, fused, their distal and proximal margins parallel, 
with plain articular surfaces ; ventrat arm-plates and buc^l plates 
absent. Madreporic plate dorsal, large. Ludlow Beds. Ex. Z. 
milton% 
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Distribution of the Ophiuroidea 

At the present day the majority of the Ophiuroids 
live in shallow water, more than half of the^nown species 
being found at a depth of less than 30 fathoms, and 
most of these not extending lower. Other forms occur at 
greater depths, as many as 69 species being found below 
1000 fathoms. 

Ophiuroids are rare as fossils; the earliest known 
form occurs in the Bala Beds, and belongs to the genus 
Protaster \ this genus ranges on to the Silurian, where 
Lapworthuray Eucladia and others appear. In the De- 
vonian, Furcaster and several other genera arc found ; in 
the Trias, Aspidura, In the Jurassic Geocomay and forms 
which have been referred to the existing genera Ophiuray 
Ophiolepis and Ophiocten are present. In the Cretaceous 
Ophiura and Amphiura are found. A few, such as 
Ophioglypha, occur in the Eocene. 

CLASS III. EGHINOIDEA 

The echinoids or sea-urchins have u^ially a globular, 
heart-shaped, or discoidal body, covered with spines. The 
shell or test is covered by a layer of ectoderm and consists 
of numerous calcareous plates, jv^hich, in the majority of 
caSes, are immovably united. Nothing corresponding to the 
ambulacral groove of the stAr-fish is to be seen oitthe surface, 
since thS’ water- vascular system is internal to the skeleton, 
and as a result the tube-feet, in ’order to reach the exterior, 
must pierefe th& plates of the test. Wifh one exception the 
mouth is always on the inferior surface ; it is either central 
or placed in front the centre. The anus is either at 
the summit of the test or j)osterior to it, somewheue along 

8—2 
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a^^line drawn from the summit to the centre of the base. 
In the regular ,echinoids both anus and mouth are central 
— being placed at opposite poles of the test; in the 
irregular echi^oids the anus is always, and the mouth 
often, excentric. In the test we may distinguish three 
parts : a small patch of plates placed at the summit, known 
as the apical disc or apical system; a series of plates 
surrounding the mouth; and the remainder of the test 
termed the corona. 



Fig. 46. A. Diagram of the upper surface of a regular echinoid, ^ith 
the tubercles and spines omitted, a, ambulacral areas ib, inter- 
ambulacral areas ; p, pords in the ambulacral plates. 

B. Apical disc of* Echinus esculentus, Recent, a, anus ; p, peri- 
proctal membrane with small plates ; genital plates, each with a 

pore ; ?a, madreporic plate ; o, ocular plates, x 1^. 

( < 

In a typical echinoid of the regular group {^,g, Echinm) 
the anus is placed within the apical disc (fig. 46 B), which 
then consists of the following p^ts. Near the centre is 
the anus (a), which is surrounded by a membrane covered 
with scaly plates and known as the periproct (p). The 
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periproct is encircled by a ring formed of ten plates, fiye 
are called genital {g) and five omlar (o). Tl\p genital plates 
form the inner part of the ring ; they are often more or 
less hexagonal in outline, and are usually pyevided with a 
perforation which serves as the opening for the genital 
ducts — whence their name; one is pierced by numerous 
pores and is the madreporic plate (m). Outside the genital 
plates and alternating with them are the ocular plates; 
these are smaller than the genital and usually triangular 
or pentagonal, and each has a perforation through which 



Fig. 47. Some types of apical disc. A. Peltastes migliti. Lower 
Greensand. B. Echinocorys vulgaris^ Upper Chalk. 0. CoUyrites 
hicordata^ Corallian. D. PataechinuSj Carboniferous Limestone. 
E. etalerites subrotundus^ Chalk, the figures the ocular plates 
* are distinguished by dots, the genital plates by lines. madreporic 
plate ; a, anus ; 6, sur-anal {^ate. All enlarged. ^ 

the ternfination of the radial watgr-vessel projects, bearing 
at its tip a rudimentary visual nrgan^. 

^ The genital plates are sometimes termed basals and the oculars are 
also known as raditiUf since, by some authors, they have been considered 
to represent the plates which bear those names in other groups of the 
Echinoderma. It is ntore probable that, although occupying similar 
positions, they have originated iijdependently in the different gioups. 
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V In most of the regular echinoids the apical disc is large, 
but particular]^" so in Gidaris, Salenia, Peltastes, and 
their allies. In a few regular forms (fig. 47 D) the genital 
plates are coii^pletely separated from one another by the 
oculars, so that a single row of ten plates encircles the 
periproct. Each genital plate has usually one perforation 
only, but in many Palaeozoic forms (fig. 47 D) there are 
three or more, and in Cidaris often two. Similarly the 
oculars in some Palaeozoic echinoids have two perforations 
instead of one. In Salenia and Peltades there is an extra 
plate in the apical disc ; it is in front of the periproct and 
is known as the sar-anal plate (fig. 47 A, 6). 

In the irregular echinoids the apical disc is small, since 
it does not enclose the periproct. The madreporic* plate 
extends to the centre of the disc (fig. 47 E, ni), and some- 
times (Spataiigiis) reaches to theposterior border, separating 
the posterior oculars. The posterior genital is sometimes 
absent (fig. 47 B), and when present may be without 
a perforation (fig. 47 E). In Echinocorys and Holaster 
the apical disc is elongated, and the anterior genitals are 
separated from the posterior genitals by two oculars which 
join in the middle (fig. 47 B) ; in Collyrites (C) the apical 
disc is still more elongated, since the two posterior oculars 
are separated from the rest of the apical disc by a chain 
of small plates. •> • * 

The corona consists of twenty columns of plates, each 
column extending from the apical disc to near the mouth. 
The plates are of two kilids, ambulacral (fig. 46 A, a) and 
interambulacral (6)^; they are arranged in ^airs, there 
being five double columns of ambulacrals separated by five 
double columns of interambulacrals ; each double column 
is termed an area. The former end •against the ocular 
plates,* the latter, against the genital, and in each case 
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fresh plates are developed next the apical disc. In eatjji 
area the plates alternate on either side, %nd since their 
inner ends are angular, the line between the two rows is 


zig-zag. / 

The ambulacral plates are smaller and more numerous 
than the interarnbulacral, and they are perforated by 
pores (p) for the passage of the tube-feet to the exterior, 
a radial water-vessel being placed under each ambulacral 
area. The pores may be round or elongated; they are 
situated in the outer portion of the plates and are almost 
always in pairs ; each pair of pores corresponds to a single 
tube-foot, since each tube-foot divides at its base into two 
canals. Frequently each pair of pores is surrounded by 
an oval raised rim (fig. 48). In some cchinoids, such as 
Gidaris^ each ambulacral plate is formed of one piece only 
(as in fig. 46) — such plates are called swijile primaries. 
In other cases some of the ambulacral plates are compound, 
consisting of several small plates which have become fused 
together ; but the original plates are still indicated by the 
lines of suture between them and also by the pair of pores 


on each (fig. 48) ; in some echinoids (fig. 48 A) the plates 


which are united are all pri- 
maries — that is to say, each 
extends from the margin to 
the middle line of thfi ambula- 
cral area; but frequently some 
of the plates taper away and 
do not reach the middle line 



Fig. fs. Compound Ambulacral 
Plates. A. *P»mdodiadema 
hcviispheericumy from the Co- 
*rallian, formed of three fused 


(or inner edgje of the com- 
pound plate)— ^uch are called 


plates. B. Phymosoma koetiigi, 
from ^lie Chaikf formed of six 
fused plates. Enlarged. 


demi-plates (e,g. the middle plates in fig. 48 B). This 


fusion of plates is usually stated to be due to growth- 


pressure — since each plate of the tes^ is enlarging and 
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new plates are being added next the apical dis(l; the fact 
that some of the fused primary plates are smaller than 
others, and also the presence of demi-plates, is attributed 
to the redueJ^on in size of the original plates by the 
absorption of material under pressure. Lambert, however, 
considers that the difference in size of plates is due mainly 
to the more rapid superficial growth of the plates on 
which large tubercles are developed. The pores in the 
ambulacra of some echinoids are placed one immediately 
above the other, so that one vertical row of pore-pairs is 
seen — such pores are termed unigeminal (fig. 46) ; in other 
cases the pore-pairs are alternately near to, and more distant 
from, the margin of the ambulacral plate, and consequently 
two vertical rows are formed, and the pores are said to be 
bigeminal ; in a similar way three vertical rows of pore- 
pairs may be produced, when the pores are known as 
trigeminal Sometimes the pores in each pair are united 
by a groove on the surface of the plate, and are then 
termed conjugate. In some sea-urchins the two rows of 
pores in each ambulacral area diverge rapidly after leaving 
the apical disc^^ and then come together again before 
reaching the equator, so that this part of the ambulacrum 
is leaf-like, and the five ambulacra together form a 
rosette on the upper surface of the corona, the pores being 
but irregularly develop^! on the ‘lower surface; fjie 
ambulacral ^areas in &uch cases are termed petaloid (e.g, 
Scutella), but when the rows of pores diverge bujt do not 
cbme in contact at their loyrer ends they are sub-petaloid 
(e.g. Nucleolites). "JVhen, as in Cidaris^ tl\e distance be- 
tween the two rows of pores increases jiniformly and 
slowly in passing from th^ apical disc to the equator, and 
the pores are equally well-developed oif the under surface 
of the test, the ambulacra are sadd to be siTpple (fig. 46). 
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With only a few exceptions the corona in the Mesoz(>c 
and later echinoids is formed of twenty coVimns of plates, 
as described above ; but in the Pateozoic echinoids, more 
than twenty columns of plates are found (^Ig. 51), except 
in the earliest-known genus Bothi'iocidaris (Ordovician), 
which is remarkable in having only one column of plates 
in each interambulacral area, with the usual two columns 
in each ambulacral area. In other Palaeozoic forms the 
number of columns is variable and often great, so that the 
total number of plates in the corona becomes considerable : 
thus, Arohceoddaris possesses two columns in each am- 
bulacrum, and from four to seven in each interambulacrum ; 
Oligoponis has four ambulacral and from four to nine 
interambulacral rows ; Melonechinus, five to fourteen am- 
bulacral, and from four to eleven interambulacral columns ; 
whilst Lepidesthes consists of from eight t^) as many as 
eighteen ambulacral, and three to six interambulacral 
columns. In those Palaeozoic forms each ambulacral plate 
possesses one pair of pores. 

In most echinoids the test is rigid, but in some the 
plates of the corona overlap to a slight extent, giving some 
flexibility to the test ; such is the case in several Palaeozoic 
genera, and also in a few later forms, viz. Pelanechiniis from 
the Corallian, Echinothuria from the Chalk, and some 
living *species of th6 deep-sea Asthenosoma and Phormo- 
soma. 

The plates of both the ambulacral and interambulacral 
areas are often provided with iDunded elevations known 
as tubercles and granules, Tlie tubercles ai;p of various 
sizes, the*largest being the primary. In these the follow- 
ing parts may be distinguished : at the summit a hemi- 
spheroidal piece, •sometimes perforated at the top, and 
known as the mamelon (fig. 49 B, m). The mameion rests 
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o\ the boss (6), the upper margin of which is sometimes 
smooth, sometijnes crenulated. The base of the boss is 
frequently surrounded by a 
smooth excavated space, the 
areola or scrobicule (a), to 
which muscles from the spine 
are attached. The granules 
are smaller than the tubercles 
and have no distinct mame- 
lon. 

Attached to the tubercles 
are the spines or radioles; 
these are of different sizes 
and shapes in different genera 
and species and even on the 
sameindividual, beingneedle- 
like, rod-like, or flask-shaped; 
the larger spines are attached 
to the primary tubercles, the 
smaller to the secondary tubercles. They serve for 
protection and also assist in locomotion. At the end 
of the spine, where it articulates with the maraelon, 
there is a rounded cavity, the acetabulum (fig. 49 A, a ) ; 
next comes the head (h) limited above by a ring or collar (c), 
which may be smooth ok crenulated and serves for the 
attachment of the muscles that move the spine. Beyond 
the collar, aftd §)rming the greater part of the spine is the 
shaft' or stem (6), which*may be smooth, or ornamented 
with ridges^ or rows of spiny processes. The \nicroscopic 
structure of the spines (fig. 41 A) varies in different 
genera, and is of some imporJbance in classification. 
PedicellariaB, which consist of a stalk with usually three 
blades, <al8o occur, but are rarely, found fossil. 



Fig. 49. A. Spine of Cidaris 
Jlorigemmay from the Cdrallian 
Rocks, tty acetabulum ; head 
or base ; c, collar ; b, shaft or 
stem. B. Ambulacral plate of 
Gidariif (recent) with a large 
primary tubercle and secondary 
tubercles. In the primary 
tubercle, /a, mamelon ; b, boss *, 
a, areola. Natural size. 
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On the surface of some irregular sea-urchins belongii^ 
to the sub-order Atelostomata (p. 129) tljere are bands 
which appear to be nearly smooth, but arc covered with 
very minute tubercles; in the living state the^ bear slender 
modified spines. These bands are termed fasvioles, and 
theirposition variesin different 
genera ; sometimes they form 
a ring beneath the anus {e.g, 

Mic7'aster^ fig. 50, c), when 
they are said to be sub-anal ; in 
other cases they encircle the 
rosette formed by the petaloid 
ambulacra (e,g. Hemiaster) 
and are said to be peripe- 
talous ; or they extend round 
the margin of the test (e.g, 

Epiaster), j’jg 50. Under surface of Micra- 

On the lower surface there cor-anfjuimm from the 

. . . Upper Chalk, showing fasciole. 

IS an opening in the corona a, peristome; ft, periproct; c, 

known as the peristome (fig. ^a^ciole. x f . 

50, a ) ; this is closed by a membrane in the centre of which 

is the mouth. The peristomal membrane is sometimes 

{e,g, Gidaris) completely covered with rows of scaly plates, 

but more usually bears small isolated plates only. The 

peristomal membraifie and its plates are usually lost in fossil 

specimens. The shape of the peristome varies in different 

genera, it may be circular* oval, pentagonaj, of decagonal ; 

at its margin there arc frequcnf^ly ten notches, by Which 

the five p&irs of gills or branchiae ^ass to the exterior. 

The peristome^ is usually larger in the regular than in the 

irregular echinoids. In some irregular echinoids belonging 

to the sub-order Atelostomata (p. 129) the parts of the 
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ajnbulaxira near the peristome are depressed and leaf-like, 
whilst the intervening interambiilacra are convex; this 
part of the corona has consequently a petaloid appearance, 
and is known^s the floscelle. 

At the commencement of the alimentary canal there 
is, in some genera, a complicated calcareous apparatus 
which functions in mastication ; this is composed chiefly of 
five jaws, which are moved by means of muscles attached 
to ridges at the margin of the peristome — these ridges 
constitute what is known as the perignathic girdle. This 
may consist of ridges arising from the interambulacral 
plates only, or there may be also processes from the sides 
of the ambulacral plates, and these often unite, forming an 
arch or auricle over each ambulacral area at the margin of 
the peristome. The first part of the alimentary canal 
passes through the centre of the masticatory apparatus. 
The circular vessel of the water-vascular system forms 
a ring round the oesophagus at the top of the masticatory 
apparatus ; this ring gives off five radial branches which 
pass through the auricles and up the inside of each 
ambulacral area. 

In the irregular echinoids there is a well-marked 
bilateral symmetry ; a plane which passes through the 
anus (which is in the posterior interambulacral area), the 
apical disc, and the mo^ath, divided the body iifto two 
similar parts. The ambulacra in these forms often dirfer 
consideraj)!;^ in, size, and, to some extent in structure ; the 
anterior one may be smaHer than the others and frequently 
has a different arrangement of pores, while th6 four other 
ambulacra are paired. The interambulacra arS also un- 
like — the posterior one often forming a large part of the 
base of the test. The bilateral charactei is not conspicuous 
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in the regular sea-urchins, but the plane of symmetry msjy 
be found by means of the madreporic plate, which is 
always placed at the upper end of the right anterior 
interambulacral area. j 

The Echinoidea may be divided ^into two Orders, 
(1) Regularia, (2) Irregularia. 

ORDER I. REGULARTA 

The mouth is at the centre of the base, and the anus 
within the apical disc. The ambulacra are simple. Jaws 
are present in all. The test is circular in outline. 

Palseechinus (fig. 47 D). Test spheroidal, rigid. Apical 
disc wHih five large genital plates, each with three perforations, — 
but in some cases one of the genitals may have a single perforation. 
Ocular plates five, small, each with two perforations. Ambulacra 
narrow, straight, with two rows of plates, and,, smaller plates 
at the margins ; two vertical rows of pairs of pores on each side 
of the area. Interambulacra wide, with five to seven rows of 
plates at the equator, fewer towards the poles; plates hexagonal, 
except those next the ambulacral area, which arc pentagonal ; surface 
of plates covered with granules. Spines small. Upper Silurian to 
Carboniferous Limestone. Ex. P, irUermedius, C'^rboniferous. 

Melonechinus {=Melonites) (fig. 51). Test large, elliptical, 
with furrows from apex to peristome. Apical disc with five genital 
plates, each having from two to five pores. Ambulacra broad, 
concave*on each side of h median ridge^ with five to fourteen columns 
of *plates, each plate with a pair of pores,; foiu* plates at the peri- 
stomal edge of each area. lAtcrambulacra consisting of four to 
eleven cobimns of small thick plates, which are pehtago^ neijt the 
ambulacra, hexagonal elsewhere ; tu]percles very small. Jaws large. 
Carboniferous. Ex. M, multiporiis. ^ 

ArcllSBOCld^ris Echinocrinus). Test large, plates over- 
lapping. Ambulacra narrow, formed of two rows of plates ; pores 
unigeminal. Interaiubulacra consist of from four to seven rows of 
large plates, the middle ones being hexagonal; each i^ate has 
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a large primary perforated tubei-cle which bears a^ long spine. 
Peristomal membrane covered with plates. Carboniferous Lime- 
stone. Ex. A, iirii. 



Fig. 51. Melonechinus muhiponiA^ Carboniferous. Part of an ambulaoral 
area (a) and an interambulacral area (/>) from the equator of the 
test. Based on figures given by Jackson. x2. 

Cidaris. Test spheroidal, the summit and base equf\lly flat- 
tened. Apical disc very large, rarely preserved fossil, ocular plates 
large. Ambulacra narrow, flexuous, plates simple, pores unigeminal ; 
between the I'ows of pores arc vertical rows of small tubercles and 
granules. Interambulacra wide, plates large, each with a primary 
tubercle which is perforated, and may be crenulated or smooth ; 
areola large, surrounded by secondary tubercles, beyond which may 
be granules. Peristome rounded, its membrane covered with plates. 
Spines large, of various forms, generally ornamented with rows of 
granules. The term Cidaris is here \ised in the extended sense, and 
really includes several genera. Jurassic to present day ; allied 
forms occur in the Trias. Ex. C. florigemmi^ Corallian and 
Kimcridgian. 

Peltastes (fig. 47 A). Test circular in outline, cjppressed. 
Apical disc very large, pronfinent, containing one extra plate„the 
sur-anal, placed in front of the periproct ; the madreporic plate 
has an oblique , fissure. Ambulacra narrow, straight or slightly 
flexubus, with small tubercles ; pores unigeminal except near the 
peristome ; ambulacral plates', simple primaries. Interambulacra 
wide, with large primary tiibercles, which are imperfonate, but may 
be crenulate. Peristome slightly notched. Upper Jurassic to 
Gault Ex. P. wrightiy Low^ Cretaceous. 

Salenia. Similar to PeltaMeSy but the *periproct is placed to 
the rigli<> of a median line drawn from the anterior to the posterior 
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margin, Cretaceous to present day. Ex. S, petalifera, Up^er 
Greensand. 

) 

^ Acrosalenia. Form similar to Peltastes. Apical disc rather 
large ; genital plates large, the posterior smaller tha^ the others and 
difiering in shape. One or more sur-anal plates' in front of the 
periproct, which is in the antero-posterior line. Pores unigeminal 
except near the peristome. Interambulacra with large perforate 
tubercles. Spines smooth or striated. Lias to Cretaceous. Ex. 
A, spinosa, Inferior Oolite to Corallian. 

Hemicidaris. Test spheroidal, inferior surface flattened. 
Apical disc small. Ambulacra narrow on the upper surface, slightly 
flexuous, with two rows of tubercles below the equator, which pass 
into granules on the upper surface ; plates below the equator com- 
pound, each formed of throe fused plates. Pores unigeminal, but 
bigeminal near the peristome. Interambulacra broad ; plates large 
and few, each with a large perforate and crenulato tubercle, and 
also smaller tubercles and granules. Spines cylindrical, long. 
Peristome large, decagonal. Inferior Oolite to Cretaceous. Ex. AT. 
intermedia^ Corallian. 

Pseudodiadema (fig. 48 A). Test circular or slightly poly- 
gonal, depressed. Apical disc and periproct large. Ambulacra 
straight, narrower than the interambulacra, with two rows of crenu- 
late and perforate tubercles ; plates compound, each consisting of 
three fused primaries, the middle being largest,' usually with three 
pairs of pores on each plate, unigeminal. Interambulacra with two 
or more rows of primary crenulate and perforate tubercles. Peri- 
stome large, decagonal. Lias to Tertiary. Ex. P. omatum^ Lower 
C^alk. 

Hemlpedina. Test circular or slightly polygo^jal, depressed. 
Apical dige rather large. Ambulacra narrow, plates fornSacLof^hree 
fused primaries (but simple near the apical disc), pores unigeminal ; 
two rows of * tubercles, perforate, not crenulate. I^tcrambulacra 
with two (sometimes more) vertical rows of primary, perforate, not 
crenulate tubercles. Spines of moderate length, finely striated. 
Peristome with slight incisions. Lias to present day. Ex. H, ethe- 
ridgeij Lias. 
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Diplopodia. Form and tubercles similar to Pseudodiadema, 
I^6res bigeminal near the apex and peristome, unigeminal at the 
equator. Plates iKt the equator composed of four primary plates or 
sometimes the lowest plate is a demi-plate. J urassic and Cretaceous. 
Ex. D, verdpordi Corallian. 

Stomechinus. Test hemispherical. Genital plates rela- 
tively large, projecting outwards ; oculars small. Ambulacra wide, 
plates formed of three primaries — the middle one largest ; pores 
trigeminal. On each ambulacral and interambulacral area are two 
vertical rows of primary, imperforate, non-crenulate tubercles, of 
about the Siimc size on each area ; also secondary tubercles and 
granules, usually numerous. Peristome large, with ten deep in- 
cisions. Inferior Oolite to Lower Cretaceous. Ex. S, higranularis^ 
Inferior Oolite. 

Phymosoma {=^Cyph 080 ma) (tig. 48 B). Form sinnlar to 
Psettdodiadema. Ambulacral plates high, compound, each may 
consist of four, five, or six fused plates (some being demi-plates) with 
the same number of pairs of pores ; two rows of primary imper- 
forate tubercles ; pores unigeminal except near the apical disc. 
Interambulacra with two or more rows of primary imperforate 
tubercles. Jurassic to Eocene ; common in the Chalk. Ex. C, 
koenigi^ Upper Chalk. 

Elchinus. Test more or less hemispherical. Apical disc as 
in fig. 46 B. Ambulacra rather narrow, trigeminal, plates consisting 
of a lower primary, a middle demi-plate, and an upper primary or 
demi-plate. Two vertical rows of small, primary tubercles on 
each area, and often numerous secondary tubercles. Peristome 
rather small, circular, with small incisions. Cretaceous to' present 
day. Ex. E, woodwards Pliocene ; E, esculentws^ Pliocene and 
living. 


, ORDER II. IRREGULARIA 

» I p 

The anus is placed outside the apiefa,! disc, in the 
posterior interambulacral area. The mouth is either 
central or in front of the centre. The test is bilaterally 
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symmetric^lI. Ambulacra simple or petaloid. Jaws may 
be present or absent. 

SUB-OBDEB 1. GNATHOSTOMATA 

Mouth central. Jaws and perignathic girdle present. 

Galeiites {^Echinoconus^ Conulus) (fig. 47 E). Test conical, 
or almost hemispherical, inferior surface flat, outline pentagonal or 
oval. Apical disc small. Ambulacra narrow, straight, simple; 
pores unigeminal, but trigeminal near the mouth. Interambulacra 
with broad plates, tubercles very small, perforated and crenulated. 
Peristome small, central, decagonal. Periproct marginal or sub- 
marginal. Upper Greensand to Upper Chalk. Ex. G. comctts, 
Upper Chalk. 

Holect3npU8. Test hemispherical, depressed, base excavated. 
Apical disc small. Ambulacra narrow, straight, simple ; pores uni- 
geminal, tubercles small. Interambulacra formed of rather largo 
plates, with small tubercles. Peristome central, decagonal. Pori- 
proct largo, placed between the peristome and the posterior margin 
of the test. Upper Lias to Corallian ; also foreign Cretaceous. 
Ex. H. kemispke7*icus, Inferior Oolite. 

Discoidea. Form similar to Holectypus, On the base of the 
interior are ten vertical plates extending from the margin of the test 
towards the mouth, and placed one on each side of the ambulacral 
areas. Cretaceous. Ex. B, cylindrical Chalk, 

Pygaster- Test large, depressed, outline pentagonal or 
circular, base concave. Apical disc small ; madreporic plate large, 
extending to the front of the periproct. Ambulacra straight, 
simple ; pores unigeminal ; tubercles ^n vertical rows. Interam- 
bulslfcra wide, tubercles perforate. Peristome central, large, 
decagonal. Periproct very larger placed just behind th<j apical disc. 
Inferior Oc^ite to Cretaceous. Ex. P. nmhrellay CoAtlliaI^^ 

• SUB-OBDEB 2. AT^OSTOMATA 

No jaws or p^ngnathic girdle. The bilateral symmetry 
of the test is particularly well-marked. 

Hybocl3fpGUB. *Test oval, depressed, anterior part usually 

*9 


w. p. 
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n^ro elevated. Apical disc elongated — the two ante];ior genitals 
separated from the two posterior by two oculars. Ambulacra simple, 
pores unigeminal^ Interambulacra wide. Tubercles very small. 
Periproct next the apical disc, in a long groove on the dorsal surface. 
Peristome a litfie in front of the centre. Inferior Oolite to Coral- 
lian. Ex. H, gihheruhis^ Inferior Oolite. 

Nucleolites {^EcMnohrissus), Test depressed ; outline oval 
or quadrilateral, rounded anteriorly, truncated and broadest poste- 
riorly ; inferior surface concave. Apical disc compact, four perforate 
genital plates, and one imperforate. Ambulacra sub-petaloid, pores 
unigeminal, the outer pore elongated in the sub-petaloid part. 
Interambulacral plates wide, tubercles small. Peristome oval or 
pentagonal, cxcentric, a little anterior. Periproct placed in a sulcus 
on the dorsal surface. Inferior Oolite to i)resent day. Ex. N, B(m- 
tatxis, Corallian. 

c 

Cl3rpeilS. Test large, flattened, more or less discoidal, with 
circular or pentagonal outline, and flat or concave base. Apical disc 
small. Ambulacra large, petaloid, pores unigeminal (except near the 
peristome), outer pore elongated and in a long groove. Peristome 
nearly central, with a floscellc. Periproct on the dorsal surface, 
often in a sulcus. Tubercles very small. Inferior Oolite to Corallian. 
Ex. C, ploti^ Inferior Oolite. 

CatopygUS. Test small, oval, elevated, truncated behind, 
with flat base. Apical disc small. Ambulacra sub-petaloid, uni- 
geminal, outer pore elongated in the sub-petaloid parts. Tubercles 
very small. Periproct high up on the posterior end. Peristome a 
little excentric, small, with a floscellc. Cretaceous to present day. 
Ex. C, cohmhariuBy Ui)per Greensand. ^ t 

Collyrites (fig. 47 C). Test ovoid, inflated. Apical disc 
greatly elongated ; at the anterior ^nd are four perforated genital 
platpc ;;.cparated ty two oculars, at the posterior end are two oculars; 
these two groups of plates are , connected by numerous small plates. 
Ambulacra simple, pores unigeminal. The three apterior ambulacra 
meet at the anterior end of the apical disc, the ^other two meet at 
the posterior end. Interamhulacra bnoad, tubercles small. Peri- 
stome excentric. Periproct above the postericy margin. Upper Lias 
to Cretaceous. Ex. (7. hkordata^ Corallian. 
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Echinpcorys {=AnanchyteB) (fig. 47 B). Test very convp 
above, inferior surface flattened, outline oval. Apical disc a little 
elongated ; the four genital plates perforated, the^wo anterior sepa- 
rated from the two posterior by two large ocular plates. Ambulacra 
simple, pores unigeminal. Interambulacral plates* large, tubercles 
small. Peristome anterior. Pcriproct oval, infra-marginal. Upper 
Chalk. Ex. E. vvlgaris. 



Fig. 62. Holaster subglobosuHf Chalk. Upper and lower surfaces, x 

Holaster (fig. 52). Test heart-shaped, inferior surface more 
or less flattened, superior surface with a broad shallow groove 
in front. Apical disc elongate, the two pairs of genital plates 
separated by two oculars. Ambulacra large, iSmple ; pores uni- 
geminal, round or elongate ; the anterior ambulacrum in the groove. 
Interambulacra with small tubercles and granules. Peristome near 
the anterior margin, elliptical. Periproct supra-marginal. Upper 
Greensand and Chalk;* also Tertiary in Australia. Ex, IT. sub- 
glolosusy Lower Chalk. 

Cardtaster. Form similar to Holaster^ but anterf(»..g^ove 
usually with sharp boMers. Apical ^isc similar to Holaster. Pores 
elongate, unigeminal. Small perforate and crenulgte tubercles. 
Peristome flear the anterior margin, with a projecting lip. 
Periproct on the posterior truncated ^nd. Fasciole passes beneath 
the periproct and round the margin of the test. Cretaceous. Ex. 
C, amnehytis^ Chalk. . 


9-2 
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tMicr aster (figs. 50, 53). Test heart-shaped or oval. Apical 
disc small, excentric. Ambulacra siib- 
pctaloid, placed in sunken areas, the 
sub-petaloid parts of the two an- 
terior lateral longer than those of the 
two posterior lateral ; pores unigemi- 
nal. The anterior unpaired ambu- 
lacrum in a deep groove, with its 
pores circular. Interambulacra with 
large plates ; tubercles small, per- 
forate and crcnulate. Fasciole below 
the anus. Peristome near the anterior 
border, with a projecting lip. Peri- 
proct on the upper part of the posterior 
end. On the under surface the pos- 
terior interambulacrum bulges out 
forming a plastron. Middle and Upper Chalk ; also Tertiary in 
Australia. Ex. M. cor-angidnum, Upper Chalk. 

Hemiaster- Form similar to Micraster. A peripetalous 
fasciole only. Cretaceous to present day. Ex. H. hailyi^ Gault. 

Schizaster. Test heart-shaped, highest behind, with excentric 
apex. Anterior ambulacrum long, placed in a groove; other ambulacra 
petaloid and in deep grooves — the' ix)sterior i)air much shorter than 
the antero-lateral pair. Peristome near the anterior margin, with 
projecting lip. Pc^iproct on the posterior truncated end of the 
test. A peripetalous fasciole, and usually also a lateral fasciole 
diverging from the former and i^assing beneath the periproct. 
Eocene to present day. Ex. S. dPnrhaniy Bracklesham Beds. 

^ • « 

Distribution of the Echinoidea • 

Some (Qoiimoids live at grea*t depths in the ocean, no 
le»‘=‘4i:S;h a dozen species having been found bdow the 
2000 fathom line, and one bven at 2900 fathoms ; but by 
far the .larger number occur near the coahts in shallow 
water: thus, of the 297^ existii^ species recorded by 
Agassiz, 201 are found in water of less .than 150 fathoms 
in depth. Echinoids are most abundant where the sea- 



Fig. 53. Micraster cor-hovis. 
Upper Chalk, xj. 
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bottom is rocky, sandy, or calcareous, and less commbn 
where it is muddy ; consequently fossil ftrrns are rare in 
clayey strata. Those found in deep water^have a much 
wider range in space than those found in shallow water. 
Many genera, especially those with a considerable range 
in depth, have also a long range in time, some extending 
back to the Cretaceous or even earlier periods. Among 
the forms found in the Cretaceous which are still existing 
in deep water may be mentioned Salenia, Cottaldia, 
Hemiaster, and Pygaster, 

The Palaeozoic echinoids belong to the regular group ; 
they are remarkable for possessing more than twenty 
columns of plates in the corona (except in Bothriocidaris), 
and frequently the plates overlap, rendering the test 
flexible. Echinoids arc rare in Palaeozoic formations, 
especially in those of pre-Carboniferous age.* The earliest 
form is BothriocidariSyivom the Ordovician rocks of Esthonia 
in Russia, In the Silurian, Echinocystisj Palwodiscus and 
Palceechinus are found; in the Devonian, Lepidocentrus\ 
in the Carboniferous, Palwechinus, Melonechinus (= Meh- 
nites), PeiHschodomuSy and Archvdocidckit^s, Primitive 
Cidaridae are common in the Trias of St Cassian and 
Bakony. 

In the Jurassic rocks the echinoids are much more 
mynerous, relatively to the othet groups of animals, than 
in the earlier formations ;§ they are 'comparatively rare in 
the Lias^andthe other clayey divisions, but* very {dw^ndant 
in the calcareous beds, especial]^ in the Inferior Oolite and 
the Corallian. Jn the Lias the chief forms are Gidaris,Hemi- 
pedina, Biademopsis, Pseiidodiadema, and Acrosalenia] 
irregular echinoids (viz. Hol€ctyp\LS, Collyrites, and Oalero- 
pygus) make their first appearance in the Upper Lias. The 
genera which aue best represented in the Middle an(J Upper 
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Jtirassic are, of the regular group, Gidaris, Himiddaris, 
Acrosalenia, Pssudodiadema, Diplopodia, Hemipedina, and 
Stomechinus \ of the irregular group, Gollyrites, Glypeus, 
Pygiirus, HyhoclypeuSj Nucleolites (= Echinobrissus)^ Ho- 
lectypus, and Pygaster. 

In the Cretaceous the echinoids arc even more abundant 
than in the Jurassic, and attain their greatest development 
in the upper division of the system ; many of the genera 
found in the Lower Cretaceous occur also in the Upper 
Jurassic, but the irregular forms arc more numerous than 
hitherto. The most important genera are, (1) regular, 
Gidaris, Pseudodiadeina, Phymosoma (= Gyphosoma)^ Pel- 
tastes, Salenia ; (2) irregular, Discoidea, Oalerites (=Echi- 
noconus), Hemiaster, Micraster, Gardiaster, Holaster, 
Echinocorys (= Ananchytes)» 

Between 'the Cretaceous and the Eocene there is, in 
Britain, a great break in the succession of the echinoids ; not 
a single species is common to the two systems, and most of 
the genera also arc different. This change is due in part 
to the great difference in the conditions under which the 
deposits were formed, the Chalk being a comparatively 
deep-water formation, and the Eocene beds, shallow water ; 
but the Eocene forms differ much more from those of the 
Upper Chalk than from those of the Chalk Marl, the 
latter deposit having been formed in water of less depth. 
Throughout the English Tertiaries the echinoids are much 
rarqr«Atem in* the Cretaceous ; thus in the Cretaceous 
t^ere are thirty genera, in the Eocene seven, in the Pliocene 
eleven. In the Eocene this can be accounied tor largely 
by the fact that the sea-bottom was folk the most part 
muddy ; in the Pliocene, by the lower temperature of the 
ocean. The London Clay echinoids belong to tropical or 
sub-tropical genera. The commonest fornis in the Eocene 



ECHINODERMA. ECHINOIDEA 


135. 


of England are Hemiaster and Schizaster, In the Eoceneiof 
the South of Europe, India, etc., echinoic^ are numerous ; 
the regular forms are less important than in earlier forma- 
tions, but the Atelostomata,in this and subsequent deposits, 
become increasingly abundant. The Pliocene echinoids 
found in East Anglia show considerable affinity to those 
now living in the West Indian seas; the principal genera 
represented are Echinus^ EchinocyamuSy SpatanguSy and 
Temnechinus. 


CLASS IV. HOLOTHUROIDEA 


This Class includes the sea-cucumbers. They possess 
an elongated and usually cylindrical body with the mouth 
at one end and the anus at the other ; around the mouth 
is a circle of tentacles, which are really modified tube-feet. 
From the water- vascular ring five radial vessels are given 
off, and branches also go to the tentacles. In Synapta and 
its allies tube-feet (with the exception of the tentacles), as 
well as radial vessels, are absent. The stone-canal in almost 


all cases opens into the body- 
cavity. The integument is 
leathery, and the skeleton is 
very poorly developed, con- 
sisting of minute* isolated 
pieces of various shapes, such 
as spicules, anchors, and 
wheels *(fig. 54). 

At thef present day the 



ABO 


ifig. 54. A,B, anchor and plate of 
Sym^ta tenertty Recent. C, wheel 
of Chirodota cov^exa from the 
Inferior Oolfte. ^^.^l^iirged. 

Holothurians are widely dis- 


tributed, tut Wing to the nature of their hard parts .they 
are rarely found fossil. • The earliest known forms occur in 
the Carboniferous rocks of Scotland, and a few specimens 


have been receded from. Jurassic and later formations. 
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' II. PELMATOZOA 

The Pelmatozoa, unlike the Eleutherozoa, are generally 
sedentary, beVng attached to the sea-floor or some foreign 
object by the aboral surface, usually by means of a jointed 
stem ; in most cases the attachment is permanent, but it 
may be temporary only. The group is essentially dis- 
tinguished by the ciliated grooves which radiate from 
the mouth; the cilia produce a current of water which 
carries small organisms to the upwardly directed mouth. 
The Classes of the Pelmatozoa are : (1) Crinoidea, 
(2) Cystidea, (3) Blastoidea, (4) Edrioasteroidea. ' 

CLASS I. CRINOIDEA 

The Crinoidea include the sea-lilies and feather-stars. 
The skeleton.consists of a stem, a calyx, and movable arms 
given off from the margin of the calyx (fig. 55), 

The calyx is more or less globular, or cup- or basin- 
shaped, and contains the digestive and other important 
organs ; the mouth is either at or near the centre of the 
ventral or oral {^urface, and the anus, which is excentric 
and inter-radial, is also on the oral surface, and is usually 
situated at the end of a tubular process. There is a groove 
on the ventral surface of each arm, and these grooves — 
the food-^grooves — are continued over the oral surface to tjie 
mouth; they are lined with c^ia, by the movements of 
whichjEg^ is conveyed to the mouth. There are generally 
five arms, but each may branch repeatedly. Immediately 
under the groove of each arm there is a radial nerve-cord ; 
these cords unite to form larger trunks and.ultimately join 
as a ring round the mouth.^ Beneath the nerve of each arm 
is a radial vessel of the water- vascular system, which is 
continued over the oral surface and joins agring round the 
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mouth ; from this ring tubes hang down and open into tl>e 
body-cavity, which communicates with the water of the 
exterior by means of pores. In connection with the radial 
vessels are tubular processes, the tentacles, Av^hich form a 
row on each side of the food-grooves, and correspond with 
the tube-feet of the star-fish, but do not function in 
locomotion. In addition to the nervous system already 
mentioned, there is another supplying the aboral elements 
of the skeleton; from a centre at the aboral pole of the 
calyx nerve cords are given off, which pass through canals 
in the plates of the calyx to the arms and pinnules, and 
also into the stem when present. 

The stem (figs. 55, 57, a) in the crinoids is more or less 
flexible, and is sometimes several feet in length. It con- 
sists of a number of segments, known as columnals, which 
may be in the form of circular or pentagonal (occasionally 
square or elliptical) plates ; or they may be* higher than 
broad, forming cylinders; these columnals articulate by 
their flat surfaces, which are often provided with radiating 
striae or with ridges in the form of a rosette. Each 
columnal is pierced at the centre by a canal which is 
circular or pentagonal and contains a prolongation of the 
aboral nervous system and vascular organ. From the stem 
small branches known as cirri are sometimes given off; 
these have a structure similar to that of the stem, and 
aref also pierced by a central canal.^ The columnals are 
generally of different height!!^ — larger plates bein^ separated 
by smaller ; the former are first developed, and tfie laj^ter 
subsequently introduced between them. Cirri are borne 
on some of the larger columnals. The lower* end of the 
stem may taper,* but often expands and branches, forming 
a robt-like structure which serves to fix the animal. 


The part of^e* calyx below the origin 




Fig. 55. Botryoerinus decadactylm, from the Wenlock Limestone — a 
simple form of Crinoid, seen from the posterior inter-radius. (From 
the ^uide to the OeoL Dept, Brit Mtie.) Natu'm size. 
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is called the dorsal cup (fig. 56); the part above them 
the tegmen. The dorsal cup consists at it^base of a cycle 
of five plates, known as basals (figs. 56, b;^57, c); but, 
owing to fusion, the number of basals is sometimes reduced 
to four, three, or rarely two. In some forms there is below 
the basals and alternating with them another row of 
plates (five or three), termed infra-basals (fig. 57, 6), and 
the base is then said to be dicyclic ; when basals only are 
present, it is monocyclic. Above the basals, and alter- 
nating with them, is a cycle of five radial plates (fig. 
56, r ; fig. 57, d). In some genera there are, between the 
two posterior radials, other plates, the anal inter-radials 
(fig. 56, a; fig. 57, e). 

The arms are characteristic of the Crinoidea; they 
come off directly from the radials, and are formed either of 
a single or of a double row of plates, the brapliials ; when 
there is a single row the arm is termed uniserial ; when 
there are two rows it is biserial. In biserial arms the 
plates alternate with one another. The dorsal or outer 
surface of the brachial plates is rounded ; on the ventral 
or inner surface there is a groove in which the soft parts, 
above described, are placed; and there is usually also a 
perforation below the groove, in which the dorsal nerve- 
cord is situated. The groove in the arms is covered over 
by, a series of plates — the covering plates, which can be 
opened and closed, and se^ve for the* protection of the soft 
parts. Where an arm branches, the brachial which sup- 
ports two branches (figs. 55, 57^ has sloping sides, >6iKi 
is known as an axillare. Small unbranched^ appendages 
called pinnules opcur on the arms of many crinoids (fig. 86); 
they are similar in structure to the arms, and are given off 
alternately on opposite sides. In living crinoids the 
genital producty^ature in the pinnules. In some forms, 
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the earlier rows of brachial plates become firmly united 
to one another and to the radials (figs. 66, 58, 2 , 3 , br) ; 
these fixed brachials have often been regarded as radials, 
but morphoibgically they arc only brachials which have 
become incorporated into the calyx. The fixed brachials 
may bo in contact at the sides, or, as in most Palaeozoic 
crinoids, they may be separated by other plates which are 
termed inter-brachials (fig. 56, ir). In the posterior inter- 
radial area (that which leads up to the anus) the inter- 
brachial plates are often more numerous than in the other 
areas. When a stem is absent there is often a central 
plate at the base of the calyx {e,g. Marsupites). 

The tegmcn or oral surfiice of the calyx is usually more 
or less completely covered by calcareous plates. Sometimes 
five large triangular plates {orals) only occur, between, 
which are the food-grooves; but usually other smaller 
plates are also present — the food-grooves being usually 
covered by plates, sometimes called “ ambulacrals,” and 
between them occur numerous interambulacral ” plates. 
In many Palaeozoic crinoids {e,g, Actinocrinus) the tegmen 
consists of a complete vault or dome of stout plates 
concealing the mouth as well as the food-grooves and 
their covering plates; commonly this plated tegmen 
extends upwards around the anal process forming a tube- 
like covering. w 

In the genera described below, tlie basals, radials, and aims are 

five in number unless otherwise stated. 

. / • 

^ ® 

, A. Monocyclic Crinoids « 

Platycrinus. Basals three, unequal. Rddials large. Some 
fixed brachials. One inter-brachial in each area— more in the 
posterior (anal) area. No inter-radial. Arnfa bifurcating once to 
thrice, Uniserial at the lower cud, biserial ab6^ ; pinnules long. 
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Tegmen with, small plates ; anus sub-central, sometimes at the en<J 
of a long process. Stem long, section often elliptical. Devonian, 
but mainly Carboniferous. Ex. P. Icevia^ Carbonifferous Limestone. 

Eucalyptocrinus { = Hypanthocrinm). Calji deeply con- 
cave at the base ; at the bottom of the cavity four basals, at the 
sides five radials ; several cycles of fixed brachials, and some iiitcr- 
brachials. Tegmen elevated, and forming a central anal tube com- 
posed of five rows of large plates. Ten vertical partitions spring 
from the outside of the tegmen, forming compartments in which the 
ten arms rest. Arms biscrial except at the base. Silurian and 
]])evonian. Ex. E. decorus^ Wenlock Limestone. 

ActinocrinUS (fig. 66). Calyx pciir-shaped, ovoid, or more or 
less spherical. Basals three, equal, forming a hexagon. Radials 



Fig. 56. Qiagram of the plates of Actinocrimm trlacontadactijlus. Carboni- 
ferous Limestone, b, basal plates ; r* radials ; 2, B, fixed brachials ; 
br, brachial plates ; ir, intcr-brachials ; a, enal iiiter-radial. 

generally higher than wide. The first t^o rows of brachials firrply 
united. Inter-J)rachials numerous ; and also one (pojfterior) inter- 
radial, above which the inter-brachials are more numerous than in 
the other areas. formed of thick, tubercled, hexagoftal 

plates, produced into a tube with the anus at the end. Arm- 
branches ten to thirty, biserial. Stem circular, canal pentagonal. 
Carboniferous. Ex^. tricLContadactylus^ Carboniferous Lin^tono. 
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Aniphoracrinus. Related to Actinocrinus, Calyx depressed, 
»fiucer-like or nearly flat. Tegmen 
much elevated. P?hree basals, and 
a posterior inter-radial. Inter- 
brachials few."^ Anal tube short, 
excentric. Carboniferous. Ex. A. 



B. Dicyclic Crinoids 

Cyathocrinus (fig. 57). 

Calyx cup-like. Infra-basals small, 
equal, pentagonal. Basals largo, 
hexagonal (except the posterior, 
which is heptagonal and supports 
the square inter-radial plate). 

Eadials shield-shaped. Arms uni- 
serial, very loiig, bifurcating from 
five to seven times, without 
pinnules. Tegmen produced into 

a long anal tube. Stem round, without cirri. Silurian to Carboni- 
ferous. Ex. C. longimxnus^ C. axiinotuhus^ Silurian. 


Fig. 57. Cyathocrims longimanus, 
from the Silurian, o, portion of 
stem ; 5, infra-basal plates ; c, 
basals ; d, radials ; anal inter- 
radial ; /, first brachial. Re- 
duced. 


Grotalocrlxtas. Dorsal cup similar to that of Cyatkocrimut, 
Some fixed brachials present. Arms uniserial, dichotomous, the 
branches uniting so as to form lamellar expansions or networks ; 
pinnules absent. Tegmen nearly flat, formed of small plates with 
five large plates at the centre. Anus near the posterior* margin. 
Stem thick, circular ; qanal i)entagonal ; roots thick. Wenlock 
Limestone. ^ Ex. C. rugosus, 

^otryoorinUB (fig. 55).^ Calyx small, cup-shaped. Infra- 
basals pentagonal ; basals hexagonal (except the two posterior, which 
are 'pentagonal) ; radials with the articular surface occupying ^ 
of the width ; two anal inter-i;adials, one as in Cyathocrinus, another 
below it on the right. Arms divide, giving ten main branches which 
often bear smaller branches or pinnules. Anal'tube large, sometimes 
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coiled, anus near its base. Stem formed of low plates, often in five ' 
pieces. Silurian and Devonian. Ex. B, decadactylus^ Wenlock 
Limestone. • 

Poteriocrinus. Calyx with thin plates. Inf^-basals equal. 
Basals high. Three anal inter-radials present. Radials with well- 
marked concave articular surfaces which do not occupy the entire 
width of the plates. Anal tube long. Arms long, branching, with 
pinnules. Devonian and Carboniferous. Ex. P. granulosus^ Car- 
boniferous. 

WoodocrinUB. Allied to Poteriocrinus but calyx, arms, and 
anal tube shorter. Carboniferous. Ex. W. macrodaMylus, 

Encrinus. Calyx saucer-shaped. Infra-basals very small, 
generally concealed by the stem. Basals rather large, hexagonal. 
Radials large, pentagonal. Two fixed brachials in each ray, the upper 
being axillary. No inter-brachials. Arms bifurcating, the branches 
uniserial at first, then alternating, finally biserial ; with pinnules. 
Tegmen covered with plates. Stem long, with small canal. Trias. 
Ex. E, liliiformiSy Muschelkalk. 

PentacrinUS. Calyx small, bowl-shaped, consisting of small 
infra-basals, basals, and radials which project like spines over the 
stem. Arms very long, much branched, iiniserial ; the small 
branches all come off on the same side of each main branch. The 
arms bear pinnules. Stem long, pentagonal, with cirri coming off in 
whorls ; the articular surfaces of the columnals with five raised, 
crenulate, petaloid parts which are narrow and quite distinct from 
one another. Jurassic. Ex. P. fossilis, Lias. 

Marsupites. Calyx large, globular ; plates large and thin. 
Stem absent. Base forjned of a large central pentagonal plate. 
Infna-basals pentagonal. Basals hexagonal. Radials pentagonal, 
with crescentic depressions for ihe articulation of the arms. Arms 
relatively short, bifurcating, uniserial. Upper Chalk. Ex. M, testu- 
diimrms, * • ^ ^ • 

Ichthyofirinus. Three very small infra-basals ; five small 
basals ; five radials ; two or three cycles of fixed brachials. Anal 
inter-radial small,' below tjie right posterior radial. Arms in 
contact all round, uniserial ; no pinnules. Silurian to Carboniferous. 
Ex. /. ^riformisy Si^fian. 



144 


ECHINODERMA. CRINOIDEA 


f Sagenocrinus. Infra-basals small. Anal inter-radial sunk 
between basals ; radials large. Numerous cycles of fixed brachials, 
separated by verj numerous inter-brachials. Arms dividing, uni- 
serial ; no pinriilcs. Silurian. Ex. S, ea^pansm. 


Apiocrinus (fig. 58). Calyx large. Infra-basals enclosed by, 


and often fused with, the thick 
basals. Radials low, excavated 
on their upper surfaces. Four 
cycles of fixed brachials. Arms 
ten, bifurcating once or twice, 
uniserial. Stem long, cylindrical, 
base expanded ; the articular 
surfaces of the columnals radi- 
ately striated. The upper colum- 
nals are in contact at the porii^hery 
only. The upper part of the stem 
expands and passes gradually into 
the calyx ; the upper surface of 
the last columnal is provided with 
five radiating ridges between 
which the basals lie. Lias to 
Lower Cretaceous. Ex. A. par- 
himoni, Bradford Clay. 



Fig. 58. Apiocrimis parkinsoni, 
from the Bradford Clay, s, top 
columnal of the stem ; b, basal 
plates; r, radial plates; 2, 3, 
and 5r, fixed brachial plates. 
x|. 


MillericrintiS. Allied to Apiocrinus. Usually the top 
columnal only is widened. Articular facets of radials and brachials 
well developed. Lias (? also Trias) to Lower Cretaceous. Ex. 
i/. pratti^ Inferior and Great Oolite. 

c • 

Bourgueticrinus.^ Calyx small, with vertical or inwardly- 
sloping sides ; basals abo\it half ' the height of radials ; two 
rows of fixecl br5,chials ; no inter-brachials. Free arms ^unknown. 
Stem long, th/o top columnal very large, as wide as calyx ; upper 
columnals with circular, others with elliptical articular faces 
and^a transverse ridge across the longer diameW. Cretaceous. 
Ex. B, ellipticus^ Chalk. 
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Distribution of the Crinoidea 

In comparison with the large number of aenera which 
existed in past ages, especially in the PalsBOzoic period, 
the Crinoidea are but poorly represented at the present 
day. The most important families are the Antedonidse 
and the Actinoraetridse ; these are widely distributed, and 
occur chiefly in shallow water, but some arc found at con- 
siderable depths — Antedon extending from the shore-line 
down to 2900 fathoms, and Actinometra down to 800 
fathoms. The stalked crinoids {e.g, IsocHnus, Rhizoctnnus) 
are much less abundant than the Antedonidse and Actino- 
metridae, and are found mainly at great depths. In most 
cases the species of crinoids have only a limited distribu- 
tion in space. 

In the Palaeozoic formations the crinoids are much more 
numerous than the other Echinoderms, th*eir remains 
(chiefly stems) forming the main part of some limestone 
beds (crinoidal limestone or marble), as for instance in the 
Carboniferous. The other Echinoderms are seldom suffi- 
ciently numerous to be of importance as rock-builders. 
The majority of fossil crinoids appear to ha^c lived in fairly 
shallow water, since they are found in association with 
reef-building corals and other shallow-water organisms. 

CriikDids occur first in the Tremadoc Beds. In the Ordo- 
vician, GUgptocrinus, DendrocrinuSy and a few others have 
been found. In the Silurian, crinoids become yery much 
more abundant, and attain their jnaximum developmeptj 
the most important genera are Botryocrinus, Galceocinnus, 
Crotalocrinus, SucalyptocrinuSf Oissocrinusy Ichtkyocrinus, 
MarsipooriniiSy Ferieohocrinus, Fisocrinus, Sagenocrinus, 
Taxocrinus, In the Devonian, * CyaiAocrinus, Cupresso- 
crinus. Havloarimis, Hexacrinus and others are common ; 

10 


w. p. 
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ici the Carboniferous, -4 c^inomnw^, AmphoracrimxStPoterio- 
CTinus,PlatycHnuSyRh)docr%nu8,^^ Woodocrinus. Crinoids 
are rare in the Permian. Throughout the Mesozoic form- 
ations they A’e much less abundant than in the Palaeozoic ; 
in the Trias the characteristic form is Encrinus. In the 
Jurassic, Antedon, Isocriiius, Pentacrinits, Saccocoma, 
Apiocrinus, and Millericrinus are found, the first two living 
on to the present day. In the Cretaceous the chief forms 
are MarsupiteSy UintacrinuSy and Boiirgueticrinus, In the 
Cainozoic, crinoids are very rare. 

CLASS 11. CYSTIDEA 

The stem in the Cystideans is short, and in some cases 
absent. The calyx is usually more or less spherical or 
ovoid, and varies considerably in structure in different 
types; frequently the plates are very numerous, without 
radial symmetry, and perforated by numerous canals; 
food-grooves usually extend from the mouth over the 
surface of the calyx, and bear simple arm-like structures, 
called brachioles (fig. 60). 

In Glyptospficera (fig. 59 A), from the Ordovician, the 
calyx is spherical, and composed of a very large number of 
polygonal plates, which are without any radial arrange- 
ment such as occurs in the Crinoids and Blastoids. The 
mouth is at the summit of the calyx, and is covered by five 
oral plates, (a), between which 'the five food-grooves start 
and extend in a radial manner over the upper part of the 
calyx, sometimes giving off branches (6); atuthe ends of 
these grooves are facets (c) to which the brachioles were 
articulated. The grooves were protected hy small covering- 
plates. On one side of tlie calyx is the anus (d), which in 
perfect^ specimens is covered by a 'xiyramid of small 
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triangular .plates. Between the mouth and the anus i/ 
the madreporite (e), which is the external ^opening of the 
water- vascular system; just below it is the siyall, circular 
genital aperture. All the plates of the calyx are pierced 
by canals running perpendicularly to the surface; the 
canals are in pairs, and the external openings of each 
pair are enclosed in a raised or depressed area of oval shape 
(fig. 69 B). 



Fig. 69. A, Glyptospheera lemhtenheryi^ from the Ordovician of Russia, 
a, mouth covered by oral plates ; l>, food-groovy ; c, facet for the 
braohiole ; d, anus ; e, just above this is the triangular madreporite, 
just below is the circular genital aperture (after Yolborth). B, a few 
plates of the same enlarged, showing the pairs of pores. G, plates 
of Echinospharaf with pore-rhombs, enlarged. 

• • _ 

Some Cystideans are more primitive in character than 
the form just described, f'or example, Ai'istoaytis, from 
the Ordovician of Bohemia, has an ovoid or pear-shaped 
body formed* of numerous platfis, but possesses no food- 
grooves, brachidles, or stem, and the pores traversing t^ie 
plates are single.* , 

In another group of the Cystidea the plates of the 
calyx are traversed^y canals which are arranged in groups 
‘ . • 10—2 
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leaving a rhombic form; one half of each rhomb is on 
one plate, the other on an adjoining plate (fig. 59 0). The 
canals are parallel to the surfiice of the plates, and perpen- 
dicular to the sutures between the plates. These groups of 
canals are known as pore-rhombs, Echinosphcera, from the 
Ordovician, is a form which possesses many pore-rhombs; it 
has a spherical calyx, consist- I 

ing of numerous plates, some 
of which project at the base 
and probably served to fix the 
calyx, there being no stem; 
around the mouth are from 
three to five small arms. In >3 

most genera belonging to this VI 

group the plates of the calyx \l 

are much fjwer in number tl 

than in Echinosphcera^ and J 

have a distinctly radial sym- 4 

metry — being arranged in Ij 

cycles, the plates of each ^ 

cycle alternating with those H 

immediately below; for ex- 
ample, the calyx of Lepado- 

crinus, from the Silurian (fig. Eig. GO, Lepadocrinm qmdri- 
eo), U formed of five 0 ,*^ of 

plates ; at the base is a cycle brachioles of the outer rows 
„ 11 i are erect; those of the middle 

of four plates, followed by four row depressed. Near the top of 

cycles of five plates each; ®from left-hand quarter is ^e 

f . i r' . c anus ; near the top of the nght- 

the summit of the ovoid calyx hand quarter ‘is a peotini- 

rhomb. (FroHi the Guide to the 
four food-grooves stretch to- Geol,Dept.,Bnt.Mu 8 ,) Natural 

ward the base ; they do, not 

rest directly on the calyx, as is the case in Qlyptosphcera, 
but on specially-developed plates. Niknerous brachioles 
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come oflf from each side of the food-grooves. In thil^ 
genus there are only three rhombs, and ^ey are of the 
more highly-developed type called pectini-rhpmhs, which 
differ from pore-rhombs in being surrounded by a raised 
rim and in having the folds of the plate more pronounced. 
In some other Cystideans of this group the brachioles are 
found near the mouth only. 


Distribution of the Cystidea 

The Cystideans arc comparatively rare fossils. They 
range from the Middle Cambrian to the Carboniferous 
Limestone, and attain their maximum development in the 
Upper Ordovician. In the Mencvian, Protocystis is found ; 
this also occurs in the Tremadoc Beds, and with it Macro- 
cystella. In the Ordovician, Aristocystis, Echinosphcera, 
PleurocystiSy Glyptosphcera and others are j)resent; in 
the Silurian, Lepadocrimis, Pseudocrintis, and Placocystis, 
In the Devonian there are fewer forms, and from the 
Carboniferous only one or two genera have been recorded. 


CLASS III. BLASTOIDEA 

In the Blastoids (fig. 61) the body consists of a calyx, 
usually with a stem; but the latter is rarely found 
attached to the calyx. The calyx may be spherical, oval, 
pear-sha{)ed, or bud-like ; in most.cases it is formed almost 
entirely of thirteen plates, arranged in a regular manner. 
True arms are not present. , 

Pentrehiites is the commonest Blastoid, and may there* 
fore convenielitly be taken as an example of the group. 
Its calyx (fig. 63) has the following structure, ^he aboral 
part is formed of a cycle .of thrcQ plates — the basals (6), 
two of which are alike, and the third smaller. Above 
the basals is a cy^e of five radial plates (r) ; these are 
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Fig. 61. Orophocrinus fusifbrmu, from the Carboniferous of Iowa. 
Kestored figure. (From the Guide to the^eol Dept,, Brit, Mm.) 
Natural size. . \ 
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larger than the basals, and form the main part of th^ 
calyx. At the upper end of each there is^a deep incision, 
which serves for the reception of the food-carr,ying area (a); 
this is usually spoken of as an “ ambulacrum,’* but there is 
no evidence of the existence of a radial water vessel, and it 
is doubtful whether this area is really homologous with the 
ambulacrum of an Echinoid. Above the radials and alter- 
nating with them occur five smaller plates — the deltoids (d) 
or inter-radials. The mouth is placed at. the summit 
of the calyx, in the centre, and around it are five other 

A B C 


% 

an 

Fig. 62. Pentremites godoni. Carboniferous. A, side ; B, upper surface ; 
C, under surface, a, ambulacra ; b, basal plates ; r, radials ; 
d, deltoids ; s, spiracles around the mouth ; an, anus, x 2. 

openings termed spiracles (s), onp of which is larger 
than the others and includes the anus (aw). , From the 
mouth *the five ambulacra («) radiate towards . t|;ie 
aboral surface, and are borddted partly by* the deltoids 
but mainly b*y the radials. Each ambulacrtim (fig., 63) 
consists of the ‘following plates^: in the middle is along 
pointed plate (1), the lancet-plate, yrhich. is traversed by 
a longitudinal c/nal, in. which a nerve may haye been 
present. On each si<Je of the lancet-plate is a row of 
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Vnall plates, the side-plates {s). Extending down the 
middle of each ambulacrum is the food-groove (a), which, 
in perfect ^ specimens, is j 

covered over by small i ,, sp 

plates. At right angles to 
this groove, on each side of ^ S J 

it, are numerous transverse 
grooves. Along the outer 

margin of the side-plates ^ ^ 5 § ? — a 

there is a row of pores, the t^^3/ 

marginal pores (p), formed 
by spaces between adjoining 
plates. Beneath each ambu- 

lacrum are two hydrospires pig. gg. Ambulacrum of Pen- 
(fiff. 64, h), one on each side. tremites godoni, Carboniferous. 
miT i. j • /£ lancet-plate ; «, side-plate; p, 

The hydrospire (fig. 65) is a pore; a, food-groove; sp. spi- 

flattened and folded organ, ^ 

communicating with the exterior by means of the marginal 



Fig. ,64. Fig. 66. 

Fig. 64. Pentremites sulcatus, Carboniferous. Horizontal section of the 
calyx. I, lancet-plate ; p, side-plates ; radial plates ; hydrospires 
(not quite correctly drawn, see fig. 65). (After Zittel.) Enlarged. 

Fig. 65. Pentremites^ Carboniferous. Section across amoalacmm. &r, 
brachiole ; cp, covering-plates ; L, lancet-plate ;\wp, outer side-plate ; 
Rt raaial ; si, sub-lancet-plate ; sp, side-plate. (After Bather), x 5. 
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pores, and»also by the spiracles on the oral surface of thi 
calyx. A current of water probably passe^ in through the 
former openings and out by the latter. In w^/Bll-preserved 
specimens the mouth, as in many crinoids, is not visible 
externally, but is covered over by a roof of small plates. 
From the margins of the ambulacra pinnule-like append- 
ages known as brachioles (fig. 61) are given off; these 
are seldom preserved, but pits or facets to which they 
were attached are seen on the side-plates. 

The hydrospires are really folded parts of the radial 
and deltoid plates — the folds being parallel to the margin 
of the ambulacra. This is seen clearly in Codmter, which 
is a more primitive form than Pentremites ; in that genus 
(fig. 6*6) the folds open directly to the exterior by slits, 



Fig. 66. Codaater trilohatus^ Carboniferous. Section across ambulacrum. 
(After Bather.) x 5. 

Fig. 67. JPhanoschisma v^rneuili, Carboniferous. Section across ambu- 
lacrum. (After Bather.) Enlarged.* 

dr, brachiole ; cp^ covering,-plate; L, htticet-plato; osp, outer side- 
plate ; Rf radial ; i2pr, part of radial ; sidc-plato. 

% 

owing to th^fact that they are not covered b/the lancet- 
plate and side-plates ; and on account of this circumstance 
spiracles are not developed. In some genera, in wKich 
the folds are concealed (fig. 67), the space below the 
lancet-plate apd^jAde-plates, into which the folds open, 
communicates with the exterior at the pral end by slits 
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incipient spiracles. A further modificaticfti is seen 
in Pentremites (fig. 65) in which, owing to the hydrospire 
being pushed further into the cavity of the calyx, the folds 
open into a common canal instead of into the space 
between the summits of the folds and the overlying lancet- 
plate and side-plates; this canal opens orally by true 
spiracles (fig. 62 B, s). The number of folds in each 
hydrospire varies from one to nine. In a few primitive 
types hydrospires are absent. In many Blastoids there 
are five pairs of spiracles and an independent anus, but in 
some genera {e.g. Pentremites) the pairs are confluent so 
that only five spiracles arc present, of which the posterior 
encloses the anus. 

The ambulacra vary in width and length ; they may 
be broad and petaloid or narrow and linear. In some 
genera the alternate side-plates become squeezed towards 
the outside of the ambulacrum ; hero they form an outer 
row, known as the outer side-plates, and are smaller than 
the plates of the inner row. The side-plates may be 
entirely at the sides of the lancet-plate (fig. 67), or they 
may rest on it^and partly, or even completely, conceal it 
(fig. 66). The basals, radials, and deltoids vary considerably 
in relative size — thus the deltoids may be very small (as 
in Troostocrinus), or they may form a considerable part of 
the calyx (as in Orhitremites). ‘ ' 

The most important characters of the Blastoidea*^ as 
a Class arc fojind in the ambulacra and hydrospires, the 
absence of true arms, tiie monocyclic base consisting of 
three basals only, and the five incised radials. In a few 
rare cases, Iiydrospires have been found to be present in 
the Crinoidea (Carabocrinus, Hyboermm)* 

Codaster. Calyx in the form of an invented cone or pyramid. 
Basals fbrming a conical and usually* deep cup', radials large, with 
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the forked parts sharply bent, forming part of the flattened upp^ 
surface of the calyx ; deltoids and ambulacra confined to upper 
surface. A long lancet-plate, with side-plates, flccurs between the 
deltoids and radials. Hydrospires consist of sha^ folds of the 
calyx where the radials and deltoids meet, and open at the surface 
by slits. Mouth pentagonal, originally plated over ; no spiracles ; 
anus between the posterior deltoid and radials. Silurian to Carboni- 
ferous. Ex. C, trilohatus^ Carboniferous. 

Orbitremites { = Granatocnnii8). Calyx elliptical, ovate, or 
more or less spherical, in section pentagonal or round ; with concave 
base. Basals small, not seen in a side view. Radials of variable size 
and forming part of the base. Deltoids generally rhombic, largo in 
some species, small in others. Ambulacra narrow, straight, with 
nearly parallel sides. Lancet-plate narrow. Hydrospires simple, 
usually with two or three folds only, dilated at the free ends ; the 
inner •fold forms a plate next to the lancet-plate. Spiracles five, 
round or oval, piercing the apices of the deltoids, the posterior one 
including the anus. Carboniferous Limestone. Ex. 0, derhieiim, 

% 

Distributton of the Blastoidea 

In England the Blastoida range from the Devonian to 
the Carboniferous, being most abundant in the latter. 
A few primitive types {Asteroblastus, •Blastoidocrinus) 
occur in the Ordovician of Russia and Canada; and some 
others {Troostocnnus, Cadaster) arc found in the Silurian of 
North^ America. The English Devonian forms are rare 
and but little known. In the* Carboniferous Limestone 
the blastoids attain thek maximilm development; ten 
genera ^re represented, the most important’beihg Godaster, 
Orophocriwus, Schizoblasttis, Oj^bitremites and, Mesoblasfus. 
Pentremites ig common in the Carboniferous of America, 
but is not found in Britain. * 
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CLASS IV. EDRIOASTEROIDEA 

The calyx in the Edrioasteroids (fig. 68 A) is usually 
composed of a large number of irregular plates, and in 
most cases is flattened and more or less circular in outline ; 
it is attached to some foreign body by the under part — a 
stem being very rarely present. The mouth is at the 
centre of the upper surface (ps)y and is covered by plates ; 
from it five ambulacra extend outwards over the upper 


A 



Fig. 68. Edrioaster higshyi, Ordovician of Canada. (From Bather.) 

A, oral surface. covering-plates over the anterior and left-anterior 

ambulacral grooves, but removed from the other grooves ; ad, floor- 
plates of ambulacral grooves ; p, pores between floor-plates ; peri- 
stome, the greater part of which is roofed by enlarged covering- 
plates ; ta, interambulacrum^^; J/, madreporlte ; Asj anus. 'Natural 
size. • 

B, section across the same specimen through the right anterior ambu- 

lacrum and the^left posterior intcrambulacrum. Lettering as in A. 

frame of stouter plates ^ m, membrane with overlappitog plates 
thrown into* five lobes (i). Natural size. ^ 

0, section across an ambulacrum with covering-plateE) {anib) over the 
groove (vg). Enlarged. 

surface of the calyx, and sometimes over part of the lower 
surface ^also. The ambulacra dp not Vanch, but are 
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frequently curved. The ambulacral grooves are covered* 
by two rows of alternating plates (amh)^ similar to the 
covering-plates of crinoids. In Edrioaster {>nd its near 
allies the floor of each- groove is formed of special plates 
{ad), between or at the outer margins of which are pores 
(p) which may indicate the existence of tube-feet. Neither 
brachioles nor arms are developed in connexion with the 
ambulacra. The anus, which is covered by a pyramid of 
plates, as in the Cystidea, is on the upper surface — in the 
area between the two posterior ambulacra (^s). The calyx 
was more or less flexible in some cases; and frequently 
around its border on the upper surface (but sometimes 
on the lower, fig. 68 B, /) there is a series of larger 
marginal plates, forming a framework, which, in combination 
with the five conspicuous ambulacra, gives the upper 
surface something of the appearance of a star-fish in which 
the rays are not prolonged. 

The Edrioasteroids include only a few genera, and have 
usually been regarded as Cystidea, but differ in the 
absence of brachioles, and in the occurrence of pores 
between the flooring-plates, suggestive of the presence of 
an internal radial water vessel with tube-i^et. 


^ Distribution of the Edrioasteroidea 

*The Class ranges from the Can\,brian to the Carbon- 
iferous, and is best represented in the Ordovician. The 
principal* genera are : — Stromatotystis in the Cambria^; 
Cyathocystisf Edrioaster and Steganohlastm in the Ordo- 
vician.; and Egelacriiius and Lepidodiscus, ranging ffom 
the Ordovician tb the Cjirboniferous. 
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CLASS CHJETOPODA 

The Chjfetopoda include various forms of worms. The 
body is segmented and generally the segments are similar. 
There is a ventral nerve-cord and a nerve-ring round 
the oesophagus connected with a pair of ganglia above it. 
A vascular system and a body-cavity (coelom) are present. 
The Chaetopoda possess bristle-like processes termed setae 
which assist in locomotion. There are three orders, (1) the 
Archiannelida, e,(j, Polygordiiis, (2) the Oligochaeta, e,g. 
the common earthworm L%imhricus, and (3) the Polychaeta. 
The Archiannelida and the Oligochaeta are unknown in 
the fossil state. ^ The Hirudinea or leeches are regarded 
by some writers as a distinct Class of the Annelida, but 
by others as a division of the Chaetopoda; they do not 
occur fossil. 

f • 

OEDER III. POLYCHiETA 

K 

The mcmb.ers of this Order are nearly all marine; 
they are characterised by* the possession of numeibus setae, 
which are placed on spechil processes termed parapodia. 
Tentacles are usually present on the head! Many forms 
live in tubes, which may^ consist of carbonate of lime, of 
chitinous material, or of grains of sand cemented together 
by a secretion. On account of the possession of this tube 
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the polychaetous worms are often found fossil. Othe-/ 
forms, which do not live in tubes, are provided with 
minute chitinous jaws, and in some formations, especially 
the Ordovician and Silurian, these are abundantly pre- 
served. 

Serpula. Tube calcareous, long, round, angular or flattened ; 
straight, curved irregularly or sometimes spirally, closed at one 
end ; generally attached to some foreign object by a portion of its 
surface. Silurian to present day. Ex. S. gordialis, Chalk. 

Spirorbis. Tube calcareous, small, spiral, attached by one side. 
The spiral either left-handed or right-handed, the last whorl often 
produced into a free tube. Ordovician to present day. Ex. S. 
jyusillus {=carbonainus\ Carboniferous. 


Distribution of the Ghcetopoda 

Nearly all the worms which are found fossil belong to 
the Polychseta; the earliest examples occur in the Cambrian 
Beds. In addition to worm-tubes and jaws, there are, in 
various rocks, numerous trails and burrows, which are con- 
sidered by some authors to have been formed by worms, 
but in many cases it is probable that the^ were made by 
other animals such as crustaceans and gasteropods. 



PHYLUM BRACHIOPODA 


Classes 

1. Inarticulata 

2. Articulata ... 


Orders 

1. Atremata. 

2. Neotremata. 

1. Protremata. 

2. Telotremata. 


In the Brachiopods the soft parts of the animal are en- 
closed in a shell which is formed of two parts termed valves^ 
one placed on? the dorsal surface, the other on the ventral. 
Generally the main part of the body occupies only the pos- 
terior portion of the shell. The interior of the shell is 
lined by a membrane, the mantle, which is a prolongation 
of the body-wall, and is divided into two lobes, one oc- 
curring in each valve; the space between the two is 
known as the mantle-cavity. In most genera the margin 
of the mantle is thickened, and carries numerous chitinous 
setse. The mouth (fig. 69, v) opens into the mantle-cavity, 
and leads into an oesophagus, which is followed by a 
stomach (partly surrounded by the liver), and an intestine. 
In the articulSite brachiopods the intestine is short and 
ends blindly, in the inarticulate forms it is long and ends 
in an anus w.hich opens into the mantle-cavity. The nervous 
sysfem consists of a ring round the oesophagus, with gang- 
lionic enlargements Irom which nerves are ^ven off to the 
arms, mantle, etc. The part of the body-cavity which 
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surrounds 4}he alimentary canal communicates with the' 
mantle-cavity by means of 
two, or rarely four, funnel- 
shaped canals, which serve 
as excretory organs. The 
body-cavity extends into the 
mantle as a series of spaces 
or sinuses ; these produce 
slight depressions on the 
interior of the valves, and 
can often be traced asTidges 
on the internal casts of fossil 
specimens (tig. 85). 
body-dlavity is tilled with a 
fluid which is kept in motion 
by means of cilia. A vesicle 
found on the dorsal surface 
of the alimentary canal, near 
the (esophagus, is regarded as the heart. 

The brachiopods are never colonial animals. Repro- 
duction takes place sexually, and the sexes are separate. 
The genital organs are placed in the body-cavity, and in 
the sinuses of the mantle. 



Fig. 69. Mapfillania [ = Wald- 
hei7ni(i]jlavefscenst Recent. Lon- 
gitudinal section, d, (upper), 
cardinal process ; d, (lower), 
arms; H, cirri; o, adductor 
muscles ; c, divaricator mus- 
cles ; septun#; v, mouth ; z, 
terminal part of alimentary 
canal. (After Davidson.) x 1^. 


Generally the greater part of the mantle-cavity is 
occupied by two long processes, given off from the sides 
of the mouth ; these are known as the “ arms ” (tig. 69, d), 
since they were at first supposed to serve in locomotion — 
hence the name Brachiopoda. The arms are covered with 
cirri (A), whvsh produce a currait of water coiiveying food 
to the mouth.* Respiration is carried on mainly by the 
mantle, but possibly alsc) to some extent by the arms. 

Of the two valves of the bi*achiopod, the ventral is 
nearly always larger than the dorsal; each is pipduced 


11 


w. p. 
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Hnto a beak or umho (fig. 70). The ventral unqibo is more 
prominent than the dorsal, and has generally, either at 
its apex or just' beneath it, an opening. With a very few 
exceptions the shell of the brachiopod is equilateral, that 
is to say, a line drawn from the umbo to the opposite 
margin divides it into two equal and similar parts. This 
character, combined with the inequality in the size of the 
valves and the perforation at the umbo, renders it easy to 
distinguish the shell of a brachiopod from that of a lamel- 
libranch. In many forms the two valves are joined 
together by means of a hinge, these constitute the group 
Articulata ; in others they are held together by the muscles 



Fig. 70. Terebratula semiglohosa, Upper Chalk. A, dorsal view. B, 
lateral view, a, posterior ; 6, anterior ; a— &, length ; c— d, breadth ; 
c— /, thickness ; g—lij hinge-line, x §. 

and the mantle only, these form the Inarticulata, The 
hinge consists of two short curved processes or teeth given 
off from the ventral valve near the umbo, which fit into 
corresponding sockets in the doYsal valve. In some genera 
(e.g. OHhis) the teeth are supported by plates (the dental 
plates) which are fixed tor the inside of the yentral valve. 
The part of the margin of the valves where ‘the teeth occur 
and on which the two valves move in «the opening and 
closing of the shell, is tehned the hinge4ine (fig. 70,^ — A).* 
In some genera {Terehratvla) this is short and curved, in 
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others {Spirifer, fig. 82) it is long and straight. The 
posterior part of the shell is that near the hinge (fig. 70, a), 
the anterior is the opposite margin (6). ^he length of the 
shell is measured from the anterior to the posterior border 
(b — a). The breadth is at right angles to this, from one 
side of the shell to the other (c — d). The thickness is 
measured from one valve to the other, perpendicular to the 
length and breadth (e—f). In some genera {e.g. Terehra- 
tula) the length is greater than the breadth, in others (e.g- 
Strophomena) the breadth is greater. Between the hinge- 
line and the umbo thei'e is in some brachiopods (e.g. Gyrtia, 
fig. 71) a flat or slightly concave portion of the shell, 
usually triangular, on which 
the ornamentation of the rest 
of the shell is absent, the 
surface being cither smooth 
or striated ; this is known as 
the area. It may occur on 
both valves (e.g. OHhis), but 
is sometimes found on the ventral valve only. 

Nearly all living brachiopods are fixed to a rock or 
other object ; but some fossil forms were free, especially in 
old age (e.g. Productus). Some, like Crania, are attached 
by the close adhesion of one valve to the rock ; others (e^g. 
Strophalosia) by spines given off from the surface of the 
shell. More commonly, however, the attachment takes 
place by means of a stalk or peduncle ; this is a cylindrical 
process, in some genera long, ii> others short, connected 
with the mantle, and passing ou# either througfi an opening 
in the ventral valve (fig. 72 A,/) or between trhe umbqnes 
(e.g. Lingula, fig. ^ 6). It js composed mainly of supporting- 
tissue with a sheath of horny material, but in some forms 
there are muscular layers^ also. In Lingula, which com- 
il— 2 


Pig. 71. Cyrtia ixporrecta, Wen- 
lock Limestone, a, umbo of 
ventral valve; abc, area with 
deltidium in the middle ; h—c, 
hinge-line. Natural size. 
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Alonly lives in burrows in the sand of the sea-floor, the 
contraction of the muscles of the peduncle serves to with- 
draw the animal from the surface into its burrow. 

The opening for the passage of the peduncle varies 
considerably in different genera, and is a feature of 
importance in classification. The simplest case is that 
found in Lingula and some others, in which the opening 
is shared by both valves. In other types we find that 
the peduncle-opening is confined to the ventral valve; 
in Discina the opening is completely enclosed by the shell 
and is often near the centre of the valve, consequently the 
peduncle comes out at right angles to the plane of the 
valves. Sometimes, as in Orthis (fig. 80), the peduncle- 
opening is in the form of a triangular fissure, un(ter the 
umbo, known as the delthyrium. In brachiopods belong- 
ing to the ^roup Tclotremata, a delthyrium is found in 
young individuals, but subsequently becomes partly closed 
by two plates, which grow inwards from the sides of the 
delthyrium and sometimes meet in the middle line. These 
two plates form the deltidium (fig. 72 A, d). In Rhyn~ 
chonella the two plates usually meet, but a small circular 
or ovate opening (the foramen) is left near the centre for 
the peduncle. In Magellania (fig. 72 A, /) the foramen 
is quite at the apex of the umbo, its lower boundary being 
formed by the deltidiuiii (d). In genera belonging to the 
Protremata and a few of the Neotremata, the delthyrium 
is more or less completely closed by a single plate known 
^s the pseudo-deltidiuin this at first sight closely .resembles 
the deltidium, but is really of a different, nature. It 
originates on the dorsal surface of the body, but subse- 
quently becomes attached to the ventral valve, and then 
continues to grow by secretion from the peduncle. The 
deltidium, on the other hand, is formed by the edge of the 
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ventral loBe of the mantle and consists of a pair of plates 
which, in some cases, coalesce. The pseydo-deltidium is 
developed at an earlier stage in the life of the in- 
dividual than the deltidium, and grows from the apex of 
the delthyrium downwards, becoming fused to the ventral 
valve. 

The two valves of the brachiopod can be opened and 
closed by means of muscles (fig. 69); those which open them 
are called the divaricators (c, c'), those which close them, 
the adductors (a). When the soft parts of the animal have 



Fig. 72. Magellania [ = Waldheimia^flavescemf Recent. A, Interior of 
ventral valve. /, foramen ; rf, deltidium ; teeth ; a, impressions 
of adductor muscles^; c, c^ impressions of divaricator muscles; 
hf h'\ muscles of the peduncle. B, •Interior of dorsal valve, c, c\ 
cardinal process; h'\ hinge-plate; 8, •dental sockets; loop; 
a, a\ adductor impressions ; c, point of attachment of the smaller 
divaricator. (After Davidson.) x 1^. 

a 

been removed the places where the muscles were attached 
to the interior of the shell are indicated by a difference in 
the surface such as striation, or^by slight depressions or 
elevations; these markings are termed the muscular 
impressions. In* the articulate brachiopods th^e are 
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generally five or six pairs of muscles. In Che genus 
Magellania theifc are two pairs of divaricators (fig. 69 
c, c') and one of adductors (a). Both pairs of the former 
are attached to a process (the cardinal process, fig. 72 B, 
c, c') on the dorsal valve between the teeth sockets, and 
one pair join the ventral valve near its centre (fig. 72 A, c), 
while the other pair, which are smaller, are attached 
nearer the posterior border (c'). Hence the dorsal valve 
forms with these two pairs of muscles a lever of the first 
order. The adductor muscles are united to the ventral 
valve near the centre (fig. 72 A, a) and form a single 
impression divided by a median line; these muscles 
bifurcate before reaching the dorsal valve and there form 
four impressions (fig. 72 B, a, a'). There are also muscles 
attached to the peduncle which serve to move the shell 
bodily, one pair of these being united to the dorsal valve 
(fig. 72 B, 6'"), the others to the ventral (A, b, 6"). In 
the Inarticulata the muscles are usually more complicated; 
thus, in Lingula (fig. 76) we find, in addition to the 
adductors and divaricators, muscles for moving one valve 
backward or fopvard in relation to the other, and others 
for giving a slight rotary motion. 

The arms, already mentioned as occupying in most 
genera the main part of the mantle-cavity, are generally 
coiled up. In some forinr they can b^ protruded a**greater 
or shorter distance. Sometimes they are supported on a 
calcareous framework — the brachial skeleton — which is 
attached to. the posterior jart of the dorsal valve at the 
sides of the cardinal process. In Rhynchonelld (fig. 84 B, c) 
the'brachiarskeleton consists of two short curved processes. 
In Terebratida (fig. 86) tjiere is a ribbon-llke band forming 
a. short loop. In Stringocephulus (fig. 88) the loop is more 
extensive and runs parallel to and near the margin of the 
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valves. Ill Magellania (fig. *12 BJ) the loop extends nearly 
to the anterior margin of the shell and is^then bent back 
upon itself. In many Paleozoic and a few Mesozoic 
genera, the brachial skeleton is in the form of two spiral 
ribbons; in Spirifer (fig. 82 A) the apices of the spirals 
'are directed towards the lateral margins of the shell, in 
Oldssia they point inwards, in Atrypa (fig. 83 A) upwards 
to the centre of the dorsal surface. The brachial skeleton 
is absent in all the inarticulate genera, as well as in some 
of the articulate forms such as Productus and Gliomtes, 

The development of the brachial skeleton has been 
studied in some living species of Terebratulina, Magel- 
lania, and Terebratella, In Terebratulina the adult form 
is reached almost directly ; but in Magellania the brachial 
skeleton passes through various stages before the adult 
condition is attained; and it is noteworthy that these 
stages are similar to the adult forms of certain other 
genera. Thus in Magellania venosa the brachial skeleton 
passes through stages which, in succession, resemble the 
brachial skeletons of the genera Gwynia, Cistella, Bou- 
chardia, Megerlina, Magas, Magasella, and Terebratella, 
after which the adult condition is reached. Another 
striking fact is that some species, which have hitherto been 
referred to the genus Magellania, have a development" 
dififering from this; thus M, franium passes through 
stages distinctive of the genera Owynia, Gistella, Platidia, 
Ismenia, Milhlfeldtia, and Terebratella, It the stages 
through Which an individual passes in its development ^e 
taken to indicate its ancestr^, then it follows that in 
Magellania there are two groups of species having different 
ancestors, and these two.groups must therefore be regarded 
as constituting two distinct genera (see pages 13, 14). 

The largest brachiopod known is Productus giganteus. 



168 


BRACHIOPODA 


from the Carboniferous Limestone, which has' a breadth 
of twelve inche^ ; the size of the shell in different genera 
varies from this down to about a quarter of an inch. 
Generally the shell is thin, but in some forms, such as 
Productus {Daviesiella) llangollensis, it is thick and mas- 
sive. The external form varies considerably; it may be’ 
globular, ovoid, hemispherical, quadrilateral, or triangular. 
Usually both valves are convex, but in some genera, one 
is plane the other convex, or one may be concave and the 
other convex ; in the last case the space in the interior is 
often small. Sometimes there is a 'depression or sulcus on 
the anterior part of one valve (generally the ventral) and a 
corresponding ridge on the other valve, or there may be 
two sulci and two ridges (biplication). The surface* of the 
shell is sometimes quite smooth, but is often ornamented 
with striae or ribs, which generally radiate from the 
umbones but arc occasionally concentric. In a few forms 
the shell is covered with spines. 


« e ^ 



Fig. 73. Vertical section of shejl of Magellanmi= Waldheimia)yiave8cen8f 
Becent. a, prismatic flayer ; &, chitinous layer ; c, outer calca/eous 
layer ; e, d, canals traversing tlie calcareous layers. (After King.) 
Magnified. ^ 

t • 

In tht3 Articulata the 'shell is mainly calcareous. In 
thei, genus Magellania it is formed of three layers (fig. 73 ) ; 
the inner (a), next the mantle, is the thickest and most 
important, and consists of flattened prisms of calcite 
arranged obliquely to the surfaQe of the ishell, each prism 
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being enc&scd in a membrane, which of course has dis- 
appeared in the fossil examples. The nyddle layer (c) is 
lamellated and also calcareous. The outer ( 6 ) consists 
of chitinous material. The 
inner and middle layers are 
traversed by canals (figs. 73, 
e, d, 74) running at right 
angles to the surface of the 
shell, and containing pro- 

longations of the mantle ; in ^jg 74 . Horizontal section 

bm\ 8 i^im.n», ia ‘which SttSt S.h°.' 
the chitinous layer is not Great Oolite, showing prisms 
1,1 • A and canals. Magnified, 

preserved, the openings of 

these canals can be seen on the surface of the shell, giving 
it a punctate appearance. The shell is secreted by the 
mantle, its outermost border producing Jbhe chitinous 
layer, a zone just within this forming the lamellated layer, 
and the remainder giving rise to the prismatic layer which 
gradually encroaches on the preceding; hence the last 
layer is the only one which can subsequently increase in 
thickness. In many forms the lamellated layer is absent, 
and in some {e.g. Rhynchonella) there are no canals tra- 
versing the calcareous layers. 

The shell of the Inarticulata has a different structure. 


g. 74. Horizontal section 
through the prismatic layer of 
Terehratula viaxillata^ from the 
Great Oolite, showing prisms 
and canals. Magnified. 


In Lingula it consists of alternsiting calcareous and chiti- 
nous layers, the calcareous material being largely phos- 
phate of lime; the canals which travey^e these layers 
are mord numerous and much smaller than those fountain 
the articulate forms. In Crania the shell iff calcareous 
and the canals branch near the surface. • , 


The develojSment o£ the shell in the Brachiopoda hAs 
been studied by Beecher. In the earliest or embry^c 
stage the shell us similar in character in all the genera 
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which have been examined. This embryonic shell has been 
termed the prot^gulum, and may sometimes be found at 
the umbones of adult shells, but generally, owing to its 
delicate nature, it has been worn off ; it is semicircular or 
semi-elliptical in form, with concentric lines of growth, and 
is without an area ; it is composed of horny material, and 
varies in size from *05 to *60 millimetre. From the con- 
stancy of the occurrence of the protegulum it has been 
inferred that the ancestral form of the Brachiopoda 
possessed throughout life a shell similar to the protegulum; 



Fig. 75. Iphidea [-Paterina] lahradorka^ from the Lower Cambrian 
(Olenellus Beds). A, ventral valve. B, dorsal valve. Enlarged. 

but, at present, no brachiopod agreeing entirely with the 
protegulum has been found ; for although Iphidea (fig. 75), 
from the Lower Cambrian, is in many respects similar, yet 
the possession of an area distinguishes it from a prote- 
gulum. 

The Brachiopoda have been divided by nearly all 
authors into two Classes (1) the Inarticulata, (2) the 
Articulata^ each of* which may be divided into two 
Orders. 

^ The^' dws'ses have received other names; the Inarticulata being 
known by som^ authors as the Lyopomataf the Ecavdines^ the PUnro- 
pifgld, or the Tretenterdta ; and the Articulata ks the Arthropomata^ the 
Testicardinet, the Apygia, or the ClUtentemta, 
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CLASS I. INARTICULAT/. 

The valves are not provided with teeth, but are held 
together by the muscles and mantle. The intestine 
is long and ends in an anus. There is no brachial 
skeleton. 

ORDER I. ATREMATA 


The peduncle passes out between the umbones, the 
opening being shared by both valves. E.g. Lingula. 

Obolella. Shell ovate or sub-circular, lenticular. Ventral 
valve with a solid umbo, and a small area with a groove in the 
middle j one pair of long muscular impressions extend from near 
the hinge-line to the middle of the valve, between these are a pair 
of small impressions, and near the hinge-line a third pair of small 
impressions. Dorsal valve with a minute umbo, a small area, an 
internal median ridge, and two long muscular impressions diverging 
widely. Cambrian. Ex. 0. crassa. 


^ Lingula (fig. 76). Shell thin, nearly equivalvc, compressed, 


elongate-ovate or quadrilateral, ta- 
pering towards the umbones, slightly 
gaping at the extremities. Dorsal 
valve a little shorter than the ven- 
tral. Hinge-line slightly thickened. 
Twelve muscular impressions in 
each va^e, but usually indistinctly 
marked. Surface of shell smooth, or » 
concentrically or radially striated. 



Peduncle long, passing out between 
the umbones. Shell composed of 
alternating ^p.yers of calcareous 
and chitinous material. Cambrian 
to present day. ^Ex. Z. anatina, 
Recent; L. ovalis, Kimeridge Olay. 

Lingulella. Distinguished 


Fig. 70. Ling ula anatina^ Re- 
cent. of valves show- 

ing muscular impressions. sA, 
ventral valve.* Srdwsal valve. 
M, umbonal muscle; t, trans- 
medians ; c, tentrals ; an- 
terior laterals ; m, middle 
^ laterals ; e, external laterals. 
x4. 


from IdngtUa by the presence, in the ventral valve, of a high hinge- 
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varea arid a distinct groove and slit for the peduncle. Cambrian to 
Ordovician. Ex. Z. davisi^ Lingula Flags. 

ORDER II. NEOTREMATA 

The peduncle-opening is confined to the ventral valve. 
In the lower types the opening is in the form of a slit 
at the margin of the valve ; but in the higher forms it 
is completely surrounded by shell, and is often near the 
centre of the valve, in which case the peduncle passes out 
at right angles to the plane of junction of the two valves. 
A pseudo-deltidium is sometimes present. E.g, Discina, 

Siphonotreta. Shell elongate-oval, biconvex, inequivalve, 
with spines on the surface. Hinge-line curved ; no area, yentral 
valve the more convex, with a prominent, straight umbo, having a 
foramen at its apex continued as a tube to the interior of the valve. 
Dorsal valve less convex, with umbo at the margin. Muscular 
impressions near the hinge- line in both valves. Ordovician and 
Silurian. Ex. S. micula, Llandeilo. 

Discina (group). Shell composed partly of chitinous material ; 
sub-orbicular, or sub-elliptical, surface smooth or covered with striae 
of growth. Valves more or less conical, the summits of both sub- 
central or sub-posterior. Peduncle-opening placed either near 
the summit of the ventral valve or a little behind it. Four 
adductor impressions. Cambrian to present day. Biscina^ in the 
'Wide sense, as defined above, includes the three genera Discina 
(restricted), Discinisca^ and Orhiculoidea. ^ * 

V 

Discina (restricted); Both valves convex. Peduncle-opehing 
small, near the middle of the valve externally, passing through the 
shell obliquely forwards. ®^ly species definitely, known is 

D, striata^ Recent. 

‘ ' • 

Discinisoa. Ventral valve flattened ; behind the apex is a 
discj which is depressed externally and interrupts the continuity of 
the lines of growth. The diyc is perforated for the peduncle by a 
fisspre which passes directly, not obliquely, through it. Tertiary 
and livihg ; perhaps Mesozoic. Ex. D. lamdlowa^ Recent. 
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Orbiculoldea. Ventral valve flattened ; on the surface just 
behind the apex is a narrow furrow, which is perforated at the pointT 
farthest from the apex, the perforation passing«through the shell 
obliquely backwards. Ordovician to Carboniferous, perhaps also 
Mesozoic. Ex. 0. morrmj Wenlock Limestone. 

Crania (fig. 77). Shell calcareous, traversed by vertical canals 
which branch near the outer surfiice ; quadrangular or sub-circular, 
smooth or with radiating ribs, fixed by the ventral valve ; without 
peduncle-opening. Ventral valve depressed-conical ; dorsal larger 
than the ventral, conical with a sub-central apex. Interior of each 
valve with a border covered with granulations. Two pairs of well- 
marked adductor impressions in each valve («, a ') ; the posterior pair 



Fig. 77. Crania anonmla. Recent. A, interior of ventral valve; B, dorsal 
valve, ttj anterior adductors; a', posterior adductors; c, posterior 
adjustors; c', cardinal muscle; r, o, central and external adjustors. 
(From Woodward.) x 2. 

near the margin, the anterior near the centres of the valves anT" 
close together, especially so in the ventral valve ; also other smaller 
muscular impressions. A triangular ‘protuberance near the centre 
of the ventral valve. Ordovician to present day. Ex. C. ignaber- 
genaisy Chalk. « 


’ CLASS II. ARTICULATA ^ 

- 

The valves articulate by means of two teeth on the 
ventral valve which fit into sockets on the dorsal. The 
intestine is short and ends blindly. A brachial sikel^bn 
may or may not be present. , 
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ORDER 1. PROTREMATA 

A pseudo-d^ltidium is developed, but sometimes dis- 
appears in the adult. The peduncle-opening is at the 
margin of the ventral valve, in the form of a fissure 
(delthyrium) either entirely open or more or less completely 
closed by the pseudo-deltidium. Usually there is no 
brachial skeleton. This group is found mainly in the 
Palaeozoic formations; the only living form is Thecidea 
{Lacazella). E.g. Orthis. 

Kutorgina. Shell calcareous, broader than long, with a long, 
straight hinge-line ; surface with concentric striae. Ventral valve 
very convex, with an elevated umbo ; four pairs of muscular im- 
pressions. Dorsal valve flat or slightly convex, with two pairs of 
muscular impressions. Areas of both valves narrow, with* a wide 
Assure. Hinge rudimentary. Cambrian. Ex. K, cingulata. 



Fig. «78. ProMctus gigantem. Carboniferous Limestone. A, interior of 
dorsal valve ; B, interior of ventral v^lve ; G, ideal section of both 
valves; D, dorsal hinge-lnie. y, cardinal process; a, adductor; 

divaricator; h, ventral area; 5, brachial prominence (!) ; s, hollows 
occupied by the spiral arms; v, reniform impressions. (From 
Woodward.) x ^ 
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^ FrpjAuotUB (fig. 78). Shell free, or fixed by spines, generally 
transverse (i.e, broader than long) but sometimes elongated, oftcif' 
produced into ‘ears’ at the sides. Dorsal valvu concave. Ventral 
valve very convex, often sharply bent, sometimes with a median 
sinus ; umbo large, incurved, not perforated. Hinge-line straight, 
teeth absent or rudimentary. Area linear or absent. Surface orna- 
mented with radiating ribs, crossed by concentric folds, est)ecially in 
the umbonal region. Tubular spines, especially in the region of the 
umbo and ears. Muscular impressions strongly marked ; in the 
ventral valve the adductors {a) arc near the urnho, and in front of 
them are the divaricators (/•). A prominent cardinal process (J) on 
the dorsal valve is continued as a median ridge in the interior. No 
brachial skeleton. Devoiiian to Permian. Ex. P. semireticvlatus^ 
Carboniferous Limestone. 

Strophalosia. Shell similar to Products in form ; attached 
by umbo of ventral valve. A distinct area on each valve, with 
a pseudo-deltidium ; the ventral area larger than the dorsal. 
Ventral valve with two prominent teeth. Dorsal valve with a 
prominent, bifid cardinal process. Surface of ventral (and sometimes 
also the dorsal) valve covered with spines. Devonian to Permian. 
Ex, S, excavata^ Permian. 



Fig. 79. Chonetes from the Devonian. A/dorsal ; B, ventral valve, 
a, adductor impressions; c, divaricators; v, vascular 

imprestdons ; y, cardinal process. (Prom Woodward.) Enlarg^ 

Chonetes (fig. 79). Shell transverse, semicircular, concavo- 
convex, or sometimes plano-convex. Hinge-fine straight, forihing 
the greatest width of the shell. Tee^h strong. An area on each 
valve ; dorsal area very narrow. Upper margin of area of ventr^ 
valve with a row gf hollow,^ diverging spines, which increase in 
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length towards the ends of the hinge-line. Delthyrium^more or less 
humpletely closed by a pseudo-deltidium. Muscular impressions 
faintly marked. €ardinal process divided. Surface usually orna- 
mented with radial striae. Silurian to Permian. Ex. C, striatdla^ 
Upper Ludlow. 

Iieptsna. Shell concavo-convex, semi -oval or nearly quad- 
rangular, ornamented with small radiating ribs, crossed by concentric 
folds on the flatter parts ; anterior part bent sharply, often at a 
right angle to the posterior part. Space between the two valves 
very small. Hinge-line straight, forming the greatest width of the 
shell. A narrow area on each valve ; the dclthyrium of the ventral 
valve covered by a convex pseudo-delt’dium. Umbo of ventral 
valve perforated by a small foramen except in old individuals. Two 
strong diverging teeth in the ventral valve supported by lamellm 
which are continued round the muscular area. Muscular impres- 
sions; in the ventral valve, two narrow adductors surrounded* by two 
large divaricators ; in the dorsal, two small adductors near the 
centre of the valve, behind which ai^e two larger adductors. Cardinal 
process divided: Ordovician to Carboniferous. Ex. Z. rhomhoidalisy 
Bala Beds, etc. 

Strophonella. Shell semicircular or semi-elliptical ; ventral 
valve concave, dorsal valve convex. Hinge-line long, straight. 
Dorsal area narrower than the ventral ; inner margins of areas 
crenulate. Muscular area of ventral valve limited by a prominent 
border. Silurian and Devonian. Ex. S, euglypha^ Wenlock Lime- 
, stone. 

Strophomena. Shell semicircular or semi-elliptical, orna- 
mented with fine radiating ffibs ; hinge-line straight, forming the 
greatest width ; dorsal valve convex ; ventral valve convex near the 
uml)o, but con^vp*. in the middle. Ventral area conspicuous, with 
a, pseudo-deltidium ; apex p3rforated except in old age ;« dorsal area 
nanro^i' Tfi^th diverging widely, supported by plates, which are 
produced into ridges nearly surrounding the muscular area ; the 
latflfer is divided by' a median ridge. Dorsal valve with a ridge 
separating two large adductor impressions, in front of which are 
iitwo narrow impressions. Ordovician and Silurian. Ex. S, antiquata^ 
Wenlock Limestone. . 
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Orthothetes. Shell plano-convex or biconvex, sometinies con- 
cavo-convex in old age, ornamented with fine radiating ribs anvT^ 
concentric lines ; hinge-line equal to or longer thiAi the width of the 
shell. Ventral area prominent, often high, the two sides sometimes 
unequal, umbo often irregular; delthyriuin closed by a convex pseudo- 
deltidium which is rarely perforated in the adult ; muscular impres- 
sions fan-shaped ; teeth not supported by dental plates. Dorsal valve 
with narrow area ; the cardinal process united to internal side plates. 
Silurian to Carboniferous. Ex. 0. crenutria^ Carboniferous. 

Orthls (fig. 80). Outline sub-circular or quadrate. Both 
valves convex. Surface radially ribbed or striated. Hinge-line 
straight, sometimes equal to the width of the shell, but generally 
shorter. An area on each valve, each divided by an open delthyrium. 
In the ventral valve two largo teeth, supported by dental plates. 
Four muscular impressions in the dorsal valve. Two long, narrow 



Fig. 80. Orthis {Schizophoria) striatula^ Devonian. A, interior of dorsal 
valve^ B, ventral vdlve. c, curved brachial processes (crura) ; 
f;, genital impressions; h, area with delthyrium; t, teeth ; a, adductors; 
d, divaricators, (From Woodward.) Natural size. 

impressions {d) with two smaller 9 nes (a) between# t heni J nrtfie 
ventral, Cambrian to Carboniferous. Ex. 0, Ordo- 

vician ; 0, Jlahellulum, Bala Beds ; 0. resupmata, “'Carboniferous 
Limestone. Orthis includes /i largo number of species and has been 
divided into several sub-genera, some of *which are Orthis (restricted^ 
Platystrophia^ Bilohites^ Dalmanellay Schizophoria^ lihipifjiovgello^, 

W. p. . 12 
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P6ntani6rU8 (fig. 81). Shell oval, or subtrigonal, biconvex, 
^jpnamented with ribs, rarely smooth. Ventral valve the more 
convex. Dorsal ir^ilve sometimes with a fold in front, ventral valve 
with a corresponding depression. Umbo of ventral valve large, sharp, 
often strongly incurved, usually touching the dorsal valve and 
concealing the delthyrium. Usually no area and no pseudo-deltidium ; 



Fig. 81. Pentamerus (Conchidium) hiigUtU Aymestry Limestone. A, 
transverse section. B, longitudinal section, s, septa; d, dental 
plates. (From Woodward.) xj. 

hinge-line curved. Dental plates {d) trough-like, converging in the 
ventral valve to form a large median septum {s ) ; in the dorsal valve 
two septa close together {s-s), Silurian to Devonian. Ex. P. ohlongus^ 
Llandovery ; P. knights Aymestry Limestone ; P. galeatm^ Wenlock 
Limestone. Conchidium and Qypidula are sub-genera of Pmtamerus 
as defined above, but are regarded by some writers as independent 
genera. 

Stricklandia. Shell large, oval, ornamented with rihs ; valves 
nearly equal, sometimes with a fold and a sinus. Umbo of ventral 
valve not prominent. An area on each valve, the dorsal being 
small. A short median septum in the ventral valve from which 
arise two platiTs lorming a small chamber under the umbp. Silurian. 

Llandovery Beds. ^ 

Camarpphorla. External form similar to Rkynchonella, In 
the' ventral valve the dental plates converge to form a short trough 
supported by a long median septum. In the dorsal valve there is a 
ctrough-like plate supported by a septum. Devonian to Permian. 
Ex.'^C. iMothems Permian. t 
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ORDER II. TELOTREMATA 

4 

The peduncle-opening is confined to the ventral valve ^ 
in the adult, and is either at the umbo or beneath it. A 
deltidium is developed, and a brachial skeleton is present. 
E.g. Magellania, 

Spirifer (fig. 82). Shell transverse, more or less triangular, 
biconvex, smooth or ornamented with ribs or stria). Often with a 



Fig. 82. Spirifer striatuSf Carboniferous. A, interior of dorsal valve, 
showing brachial skeleton. B, interior of ventral valve, showing 
muscular impressions, area, and dclthyrium. (From Woodward.) 


sinus on the ventral valve and a ridge on the dprsal. Hinge-liiio 
straight, generally long. An area on each valve, the ventral one 
triangular, often transversely striated, with a delthyriurii which is 
partly closed by a deltidium ; dorsal area small. Teeth supported 
by denta^ plates. Brachial skeleton often filling a groat part of the 
interior of the shell, formed mainly oHiwo spirals, with their apices 
directed laterally. Silurian to Permian. • Ex. S, striatus^ Carboni- 
ferous Limestone. The sub-genus Martinia in(4v'^Si«s*‘^ooth forms 
{e.g. S. glalfer). 

Spiriferiha. Similar to Spirifer^ with a high nJGduin septum 
in the ventral valve. Devonian to Lias. Ex. Lias. • 

Syringothyris. Sinfilar to Spirifer, but with a high area 
and an internal tube in the delthyrium. Carboniferous. Ex. ^ 
ciispidata, 

12—2 
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Oyrtia (fig. 71). Area on the ventral valve very large, with a 
cjhvex deltidium. Dental plates well developed but not joining. 
Brachial skeleton &s in Spirifer^ but the apices of the spires are 
nearer the hinge-lino. Silurian and Devonian. Ex. C, essporreota^ 
Wenlock Limestone. 

Uncites. Shell elongate-oval, biconvex, striated. Hinge-line 
curved, no area. Umbo of ventral valve prominent and incurved, 
often distorted ; peduncle-opening closed in the adult by a concave 
deltidium. Dental plates strong. Apex of dorsal valve incurved 
and partly hidden in the ventral valve ; cai’dinal process prominent. 
Brachial skeleton spiral, apices of spires directed laterally. Devonian. 
Ex. U, gryphus. # 

Mcristina. Shell biconvex, smooth ; hinge-line curved, no 
area. Ventral umbo incurved in the adult, so as to conceal the 
foramen. Teeth supported by dental plates which reach to near the 
middle of the valve. Spires of brachial skeleton pointing laterally, 
joined by a band bearing a median stem which is forked at its end. 
Silurian. Ex. tumida, 

Athyris. Shell with transversely elliptical or sub-circular 
outline and a median sinus ; the two valves nearly equally convex. 
Surface often with concentric growth-lines produced into lamellsD. 
Hinge-line curved. V eu tral umbo small, incurved, usually concealing 
the peduncle-opening and deltidium ; with prominent teeth supported 
by dental plates f four muscular impressions. Dorsal valve with a 
tube from the interior of the valve opening at the hinge. Bmchial 
>eleton consisting of two spires joined by a band ; the apices of the 
spires pointing laterally, Devonian and Carboniferous. Ex. A, 
concentricay Devonian. Se^inula^ Carbbniferous, is Allied to 
Athyris. ^ • 

Atrypa Shell sub-circular or oval, ornamented with? 

radjgt^g ribs^ often crossed *by well-marked growth-rin^. Ventral 
valve coffffeinear the umbo, depressed in front ; donsal valve often 
much infiatedc Hinge-line short, slightly curved ;*no area. Ventral 
valve with a small circular foramen, a small^ deltidium, and two 
strong crenulate teeth ; muscular impressions grouped at the centre 
^ 4S^e valve. Brachial skeleton formed of two spirals with their 
apices directed towards the centre of the dorsal valve ; the two spires 



BRACHIOPODA 


181 


joined by a band near the umbo. Ordovician to Carboniferous * 
abundant in Silurian and Devonian. Ex. A, rettcularis, Wenlock 
Limestone. ^ 



B 

Fig. 83! Atrypa reticularist Wenlock Limestone. A, dorsal valve show- 
ing brachial skeleton. B, interior of ventral valve. «, impressions 
of adductor muscles ; c, divaricator muscles ; p, muscles of peduncle; 
o, genital impression ; d, deltidium. (From Woodward.) Natural 
size. 



Fig. 84. Rhynchonella {Hemithym) psittacea^ Recent. A, interior of 
ventral ; B, interior of dorsal valve.* /, foramen ; d, deltidium ; 
teeth; a, adductor impressions; r, divaricator impressions; p, pe- 
duncular impressions; o, genital impressions; t\ dental sockets; 
Cy brachial skeleton ; septum. (From Woodwaia!f Natural size. 

RhynchOnella (fig. 84). Shell triangular, or f^iunded, very 
convex, not perforated by canals, usually ornamented with radiating 
ribs. Usually a sinus on ^he ventral valve and a corresponding 
ridge on the dorsal. Umbo small, aculte, incurved ; foramen usually 
enclosed by the deltidium. Ventral valve with two strong teetKj;* 
muscular impressioifls in middle of valve. Brachial skeleton i^uced 
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Aort, free, curved lamclliB. Trias (and in the wider sense, 
Ordovician) to present day. Ex. R. tetrahedra^ Lias ; R, cynocephala 
and R, {Acanthothyt^is) spinosa^ Inferior Oolite; R. pUcatiliSy Chalk; 



Fig. 85. Jihynchonella (Pitgnnx) acuminata^ Carboniferous Limestone. 
Internal casts. A, Ventral valve. B, Dorsal valve and posterior 
part of ventral. 7, ‘vascular* impressions ; 0, genital impressions ; 

adductors; J?, divaricators ; F, muscles of the peduncle. (From 
Woodward.)* Natural size. 


R. {Hemithyris) psittaceaj Pliocene and Recent. Acanthothyris is a 
sub-genus, including forms which have the shell covered with spines ; 
chiefly J urassic. ;Most of the Palaeozoic species formerly referred to 
Rhynchonella are now regarded as belonging to distinct genera or 
sub-genera, viz. \-%Rhynchotr(ita^ Camarotmhia^ Wilsonian Undnulus^ 
Hypothyrisy Pugnax, 

^,,Terebratula(figs. 70, 74, 86). 
or rounded ; surface nearly always 
smooth ; often with two folds on the 
dorsal valve and two corresponding 
sinuses on the ventral. *Hinge-line 
curved. Uinb(«^htral valve trun- 
cata4,iya circular foramen with 
a dcltiaium^t its base. Brachial 
skeleton in the forip of a short 
loop extending only about a third 
the length of the shell. Jurassic 
to present day. Ex. T, maxillatay 
Inferior*and Great Oolite. 


Shell biconvex ; oval, elongate 



dorsal valve, showing the bra- 
chial skeleton. (From Wood- 
ward.) cx|. 
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Sub-geiius Dictyothyris (Jurassic) with fine radial ribs and con- 
centric lines; ex. D. coarctata. Dielddma (Devonian to Permian) aild 
Ccmothyris axe distinguished from the TerSbratulce of Jurassic 

and later formations mainly by the possession of well-developed dental 
plates. Ex. Dielasma kastatum. Carboniferous ; Cmwthyris vulgaris^ 
Trias. 

Terebratulina (fig. 87). Form similar to Terehratula. Orna- 
mented with fine radiating ribs. 

Umbo short, foramen large, dclti- 
dium small. Two ear-like processes 
at the sides of the dorsal umbo. 

Brachial loop short, witF a ring 
formed by a band between the two 
branches. Jurassic to present day. 

Ex. T, •striata^ Chalk. 

Magellania (= Waldheimia) 

(fig. 72). Distinguished from Tere- 
hratula by the longer brachial loop, 
extending to at least half the 
length of the shell, and by a median 
septum in the dorsal valve, which is, however, sometimes rudimen- 
tary. The shell may be smooth, or with folds, or radially ribbed. 
Lias to present day. Ex. M. Jlavescens, Recent ; M. comuta^ Lias ; 
AT. impressay Oxford Clay. , 

Magellanixiy as defined above, includes a large number of species 
which have been divided into several groups; by some authors 
those divisions are regarded as genera or sub-genera, some of fho 
more in^)ortant being ; — Eudesia (ex. E. cardimriy Great Oolite) ; 
ZeiJieria (ex. Z, cornutay Lias); Ornkhella {—Microthyris) (ex. 0, or- 
nithocephalay Cornbrash) ; Anlacothyru (el. A, resupinatay Lias). 

Terebratella. Shell oval, usually with radiating ribs. Vgn- 
tral valve veay convex ; dorsal moib or less flattened,. ' Hihge-line 
straight or slightly curved ; an area present. Umjj>o with a large 
foramen, and delti^iura below. Brachial skefeton similar to iStagel- 
laniay but descending branches joined.by a band to a septum in the 
middle of the dorsal valve. Lias to present day. Ex. Tpwtitay 
Upper Greensand. • . ’ • 



Fig. 87. Terebratulina caput- 
(terpentis. Interior of dorsal 
valve. Recent. (From Wood- 
ward.) x2. 
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w Stringocephalus (fig. 88). Shell smooth, circular or oval in 
^tline. Ventral valve with a sharp, prominent, incurved umbo; 
area present. Peduncle-opening large in young individuals, but 
smaller and oval in adults on account of the development of the 
deltidium. Ventral valve with a median septum (w), which extends 
from the umbo almost to the front of the valve, apd increases in 



Fig. 88. Strinfjocephalus burtini, Devouian. A, Dorsal valve. B, Profile, 
a, adductor ; c, crura ; 1, loop ; y, cardinal process ; py hinge-plate ; 
8y dorsal septum ; vs, ventral septum ; dental sockets. (From 
Woodward.) i'. J. 

height towards the latter. Dorsal valve less convex, with a small 
septum («), and a long slightly curved cardinal process (J), divided 
at its extremity to embrace the ventral septum. The brachial 
skeleton consists of two branches (c) arising from the hinge-plate 
(p), which pass to the middle of the shell and are then sharply Uent 
back and form a ring (^) parallel and near to the margin of 
the valve. DefSlnah. Ex. hwrtini, ^ 

JDistribation of the Brachiopoda 

The Brachiopods are all marine, and ‘are found in all 
parts of the world; at the present time they are much 
less numerous than in former periods of the earth’s history, 
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there being only about 120 living species. Many forms 
occur more abundantly where the sea-bottom is rocky, or 
stony, or formed of corals, than where it is soft or muddy ; 
frequently they are much localised, being found in enor-« 
mous numbers at one spot, whilst, in the adjoining areas, 
they are sparsely distributed. About half of the existing 
species are found at depths of less than 100 fathoms, and 
several of these do not extend beyond this limit. Below 
150 fathoms they soon become comparatively rare, but a 
few species {e,g. Terehratulina wyvillei) occur down to 
2900 fathoms. Some ‘genera, as for instance Lingula, do 
not occur below a depth of a few fathoms. In the 
Littoral zone (see p. 252) Brachiopods are less numerous 
than elsewhere, only 17 species occurring in it. The 
Laminarian zone contains 46 species, of which 15 (in- 
cluding 5 species of Lingula) are confined to it. In the 
zone of Nullipores there are rather fewer forms than in 
the preceding one. The zone of Brachiopods and Corals 
is, as its name suggests, the richest in Brachiopods, con- 
taining no less than 58 species or varieties. In the Abyssal 
zone 30 species have been dredged, but the greater number 
come from the upper part of the zone ; the Inarticulata are 
poorly represented here. Geographically, the Brachiopoda 
which live in comparatively shallow water are distributed 
in pronnces, agreeing generally^ with the Molluscan pro- 
virfces (p. 251). These are characterised by the presence or 
abundance of certain species, the r apg es of which are 
determined mainly by climate. •With one or two exer- 
tions all the species found in •the Northern ^Romlsphere 
are distinct frbrn those in the Southern. Amongst the 
forms limited io the . cold northern regions may be 
mentioned Bhynchonella psittacedand Magellania septigera, 
whilst B. nigricQns and M, venosa are found only^iiTcold 
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southern regions. A few species, as for example Terebra- 
t^ina caput-ser^entis, have a very wide geographical 
distribution, extending from polar to tropical regions, and 
%also have a great range in depth, the form mentioned 
being found from the shore-line down to 1180 fathoms. 

The species found in deep water have generally a 
much wider geographical ♦range than those confined to 
shallow water; and the polar or boreal species have a 
wider range than the tropical, since, in lower latitudes, 
they can find a suitable temperature at greater depths. 

Brachiopods arc very abundant lis fossils, especially in 
the Palaeozoic and Mesozoic formations. The earliest 
forms occur in the Lower Cambrian (Olenellus Beds), 
where no less than thirteen genera are represented, of 
which Lingidellay Iphidea, Kutorginay and Obolella may be 
mentioned. The majority of the species found in the 
Cambrian belong to the Inarticulata, but the two Orders 
of the Articulata are also represented. In the Ordovician 
System the Brachiopods (especially the Articulata) are 
much more numerous than in the Cambrian, and they attain 
their maximum in the Silurian ; their decline begins in 
the Devonian ; in the Mesozoic it is especially marked by 
the reduction in the number of genera represented. The 
cKief genera met with in the different systems are : — 

• c 

Cambrian. Lingula^ Ling^ellay Kutorginay Oholellay ‘ Disci^y 
Orthis. • 

Ordovician. Siphonotreta, Orthis^ Strophomemiy Lep- 

Silurian. ^Lingulay Orhiculoideay Atrypa^ O^thisy Meristinay 
Spiri^eVy Cyrtidy ‘ Rhynchonella ^ {likynchotretay CamarotoRchiay Wil- 
Boniay etc.), PentameruBy Stricklandiay Leptdnay Strophonellay 
StropJiomenay Chonetes. * 

DevoAian. UnciteBy StringocephaluBy AthyrtBy Airy pay Orthuy 
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Spirifer^ ^ RhynchonellaJ* The first two are confined to the De- 
vonian. 

Carboniferous. Lingula^ Orhiculoidea, Cranih^ Orthothetea, CJw- 
netea, Athyria^ Orthia, Spirifer^ Syringothyria, Froductua, Dielaama^ 
‘ Rhynchondla ' {Pugnobx^ Hypothyria), Spirifer and Prodmtua are 
particularly abundant. 

Permian. Productus^ Strophal(^ia^ Camaropkoria, Spirifer^ 
Dielaama, 

Mesozoic. Most of the important Paloeozoic genera die out 
before the commencement of the Mesozoic period, but two forms 
allied to Palreozoic types are found in the Lias, viz : — Spiriferina and 
Cadomella. The Mesozoic period is remarkable for the extraordinary 
abundance of Terelyratula^ Magcllania^ and Rhynchonella. Other 
genera which occur arc Lingula^ ‘ Diacina^ Crania^ Tkecidea^ Tere- 
hratuliiia^ and Terehratclla — the last four are more abundant in the 
Cretaceous than in the Jurassic ; in the former Magaa and Kingeiia 
also occur. Koninckina is confined to the Trias. 

Tertiary. Bracliiopods are very poorly represented ; the follow- 
ing genera, all of which have living representatives, occur in 
Tertiary deposits, but are not common : — Lingula, Terebratula, 
TerehrcUvZina, and Magellania. 
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Classes 

1. Ectoprocta 


(’■ 

u 


2. Entoprocta. 


Orders 

Phylactolosma. 


GymnolaBma... 


S lib- Orders 

1. Cjclostomata. 

2. Trepostomata. 

- 3. Cryptostomata. 

4. Cheilostomata. 

5. Ctenostomat^. 


With the exception of the genus Loxosoma all the 
Polyzoa^ arc colonial animals, numerous individuals living 
in association. The colony is nearly always fixed, and may 
be arborescent, laminar, almost massive, or encrusting 
shells, stones, or plants. The entire colony is known as 
the zoarium] each individual (fig. 89 A) has a sac-like 
form ; at the upper end there is a platform or disc, the 
lophophore, on which tentacles {t) are placed, arranged 
either in a circle or in the form of a horse-shoe. In most 
forms the tentacles are not contractile, but are provided 
with cilia, which prod\ico a current of water that conveys 
food to the moutl^ (p). The anal aperture (a) is near the 
mouth, generally below the lophophore, but in some forms 
witEi^ the qjrcle of tentacles. On account of this approxi- 
mation of the mouth and anus the alimentary canal is 
bent into a U-shape; in it may be distinguished oesophagus 
{oes\ stomach (s^), and intestine Between the ali- 

^ TKe name Bryozoa is used for this Phylum by many authors. 
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mentary canal and the body-wall is a spacious body-cavity. 
The nervous system consists of a single ganglion {g) placed 
on the side of the cesophagus facing the intestine. The 
polyzoa multiply by budding and sexually, and are gene- 
rally hermaphrodite. Heart and blood-vessels are absent. 



Fig. 89. A, Diagram of the structure of a single Polyzoan individual. 
«, body- wall; t, tentacles; o, mouth; ocs, oesophagus; st, stoms^jii; 
tnt, intestine ; a, anus ; ganglion ; /, funiculus ; ov, ovary ; sp, 
testigf B, Avicularium of Bugula, enlarged, h, beak; md, mandible; 
•(7, chamber; p, peduncle; om, occlusor muscles; dm, divaricator 
muscles. (After Hincks.) 


The Structures described abbve form together what 
is known as*the polypide; this is contained ;n the body- 
wall or zocecium. The outer layer of tlje zocncium, ki^own 
as the ectocyst, generally becomes hardened by calcareous 
or chitinous matter, and after the death of the animal this 
alone remains ; dts surface is usually ornamented ^with 
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ribs, etc. The anterior part of the polypide can be 
withdrawn by means of longitudinal muscles into the 
zooecium, just as the finger of a glove can be pulled 
« into the hand. In some Polyzoa (the Cyclostomata, etc., 
fig. 90 B) the zocecium is tube-like, the aperture is at the 
end and is of the same diameter, or nearly so, as the rest 
of the tube. In others i|(the Cheilostomata, fig, 90 A) 
the zooecium is more or less oval, the aperture (m) is 
contracted and is not terminal, but is situated in front 
near the anterior end, and is provided with a movable lid 



Fig. 90. A, Portion of Sinittia landshoravi, a Cbcilostomatous Polyzoan, 
Becent. o, ooecium ; aperture of the zooecium ; a, avicularium. B, 
Portion of Tu%ulipora fimbria^ a Gyclostomatous Polyzoan, Becent. 
Enlarged. 


or* operculum. In many of the Cheilostomata there is at 
the anterior end of the zooecium, above the apesrture, a 
projecting chamber (o), termed the ocecium, into which the 
ova pass. In m^y forms of Cheilostomata some of the 
individuals are modified iso as to form appendages termed 
amculUria qpd vibracula, ^ The avicularium* (fig. 89 B) 
may^be sessile or placed on a peduncle (p), and in the more 
specialized forms has somewhat the appearance of a bird's 
head, consisting of a chamber (C) produced into a beak and 
provided with a mandible (md) which i^ kept constantly 



POLYZOA 


191 


snapping by means of muscles in the chamber;* The 
vibraculum consists of a long seta kept in motion by means 
of muscles at its base. The individuals of a colony may 
communicate with one another, either directly, or by 
means of communication-plates ; these are portions of the 
zooecium which are thinner and perforated. The surface 
of the zooecium may be smooth \t punctate, or ornamented 
with spines, granules, or ribs. 

The Polyzoa are divided into two classes, (1) the 
Ectoprocta, (2) the Entoprocta. The Ectoprocta only are 
found fossil. 


CLASS I. ECTOPROCTA 

The anal aperture is not situated within the area of 
the lophophore. There are two orders, (1) the Phylacto- 
Isema, (2) the Gymnolsema. 

ORDER I. PHYLACTOLiEMA 

The lophophore is horse-shoe-shaped. There is a 
tongue-shaped lip in front of the mouth, known as the 
epistome. The forms included in this o^der are found 
only in fresh-water and do not occur fossil. 

ORDER II. GYMNOLiEMA 

The ‘lophophore is circular, and there is no epistome. 
ThdI’e are five sub-orders, (1) Cyclos.tomata, (2) Treposto- 
mata, (3) Cryptostomata, (4) Cheilosto^g^'^ta, (5) Ctenosto- 
mata. The last is not known in the fossil state; the 
second and third are extinct. * 

SUR-ORDEJl I. CYOLOSTOMATA 

The zooecia are calcareous and tubular, and seldom 
divided by transverse partitions ; as a rule all are «or one 
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size, since mesopores, acanthopores, avicularia, and vibra- 
c61a are generally absent; the apertures are round and 
terminal, not cohstricted and not provided with an oper- 
• culum. There may be a brood-pouch, termed a goncecium 
or gonocyst, formed of one or of several specially modified 
individuals, but ooecia, such as are characteristic of the 
Cheilostomata, are alwa^ys absent. The Cyclostomata 
range from the Ordovician to the present day. 

Stomatopora. Zoarium encrusting, of branching rows of 
zooecia in single hie. Ordovician to present day; common in 
Jurassic and Ci’etaceous. Ex. S. granv^ata^ Cretaceous. 

Berenicea. Zoarium a thin, flat, encrusting sheet~-discoid, 
fan-shaped, or irregular. Zocecia simple, tubular, arranged in irregu- 
larly alternating lines. Ordovician to present day — commoii in the 
Jurassic and Cretaceous. Ex. B, diluviana^ Lias to Oxfordian. 

Idmonea. Zoarium encrusting or erect. Zocecia arranged in 
alternating transverse rows on one face only of the zoarium. J urassic 
to present day. Ex. I, hagenowi^ Lower Greensand, 

Entalophora. Zoarium of erect cylindrical branches, with 
the zocecia opening on all sides of the branch and arranged irregu- 
larly or quincuncially. Jurassic to present day. Ex. E, mrgvla^ 
Cretaceous. 

Theonoa (=i^ascicw^ana). Zoarium large, generally massive 
and globose. Zocecia in the form of long tubes, with horizontal 
tabulcB, in contact laterally, and forming bundles which are either 
distinct and radiate from the base to tho' periphery, or ••fuse into 
laminae which intersect. Jurassic to Pliocene. Ex. T, aurantium^ 
Coralline Crag. 


SUB-ORDER II. TREPOSTOMATA 
The zo&cia are calcareous, tubular, with transverse 
partitions, and of ^ two sizes, the smaller apertures being 
known as mesopores and acanikopores] avicularia and 
vibracula are absent. The apertures of the zocecia are 
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round, polygonal, or irregular, and terminal and without 
opercula. Ooecia are absent. The Trepostomata are fouri& 
chiefly in the Palaeozoic formations, bu^ a few genera 
linger on until the Cretaceous. 

Monticulipora. Zoarium generally massive or lobate, covered 
with little raised portions called ‘monticules.* Zocecia polygonal, 
with thin walls. Ordovician and Ij^ilurian. Ex. M, papillata^ 
Silurian. 

SUB-ORDER III. CRYPTOSTOMATA 

The zooecia are calcareous and tubular, often with 
transverse partitions, ahd often of two sizes. Avicularia 
and vibracula are absent. The external orifices of the 
zooecia are round, but these are not the true apertures ; 
the latter are situated at the bottom of a tubular vestibule, 
the round orifice of which is seen on the surface of the 
zoarium. Probably a chitinous operculum covjered the true 
aperture, but it is never found in the fossils. Ooecia are 
absent. The Cryptostomata range from the Ordovician to 
the Permian. 

Fenestella. Zoarium funnel-shaped or fan-shaped. Branches 
straight, united by cross-bars, so as to form a network. The cross- 
bars do not bear zooecia. On each branch there is a median ridge or 
carina, on the sides of which the zooecia occur. Openings of zooecia 
round. Ordovician to Permian. Ex. F. pleheia^ Carboniferous.*" 

RhaUldomeson. Zoarium of cylindrical branches with an axial 
tubcbto which the proximal ends of the zooecia are attached ; the 
surface is divided into rhombic areas, arranged regularly, in the 
middle of which are the round orifices. Gbrboniferous. Ex. R. 
rhomhiferuih. 


SUB-ORDER IV. CHEILO STOMATA 

The zooecia aire sometimes calcareous* sometimes homy, 
often both; they are more or •less box-shaped, never 
tubular ; and not divided by transverse partitions. ZoCecia, 


w. p. 
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differihg from the normal forms in size and shape, and 
modified for protective purposes, are often present, and are 
called avicularia and vibracula — according to whether their 
function is to pinch or to sweep away foreign bodies which 
would settle on the zoarium. The apertures of the zooecia 
are contracted and not terminal, of varying outline, and 
provided with a movable ^^perculum, which being homy is 
not found in fossil specimens. Globular ooccia are often 
present ; these are not modified individuals, but outgrowths 
in front of the distal end of each zooecium. The Cheilo- 
stomata range from the Jurassic to the present day, but are 
rare in deposits earlier than the Chalk. 

Membranipora. Zoarium encrusting, or erect ; the top of 
each zooecium is covered by a chitinous membrane in which is 
situated the aperture ; consequently in fossil specimens each 
zooecium has a rim enclosing an unroofed space ; the rim ,may have 
spines around it. Jurassic to present day. Ex. M, elUptica^ Chalk. 

Cribrilina. Zoarium usually encrusting. Zooecia as in Mem- 
hranipora^ but the spines of the rim meet and fuse with their 
neighbouring and with their opposite fellows, and form an incomplete 
roof over the z-^cecium. Jurassic to present day. Ex. (7, jukes- 
hrowneiy Chalk. 

‘ 'Micropora. Zoarium encrusting. Zooecia with an encircling 
rim as in Membranipora^ but the chitinous ^;oof is replaced^by one of 
carbonate of lime ; and this 2 oof is perforated by two holes, oqp on 
each side, near the rim and proximally to the orifice. Cretaceous to 
present day. Ex. M- ''nhriformis^ Barton Beds. 

^ C^llepoifa. Zooecia heaped irregularly upon an irregular 
encrusting or erect zoarium ; the front wall entirely calcareous and 
very* convex ; the aperture terminal, more or less round, always 
accompanied by one or more small avicularia ; in addition larger 
avicularia are often pre^nt between the normal zooecia. Tertiary 
to present day. Ex, (7, tubigera^ Coralline Crag, 
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Distribution of the Polyzoa 

By far the larger number of the Polyzoa are marine ; 
they occur both in shallow and deep water. The deep- * 
water forms belong mainly to the Cheilostomata ; a few 
Ctenostomata occur at considerable depths, but the group 
is characteristic of shallow water. The Cyclostomata are 
comparatively rare at the present day, except in the 
Northern seas. The conditions under which the extinct 
Trepostomata and Cryptostomata flourished best are not 
known. 

The earliest Polyzoa occur in the Ordovician rocks. 
Nearly^ all the Palaeozoic genera are extinct ; they belong 
mainly to the Trepostomata and Cryptostomata. The 
Cyclostomata are represented by a few genera in the 
Palaeozoic rocks, and become increasingly abundant in the 
Mesozoic, attaining their maximum in the Upper Cretaceous. 
A few Cheilostomata have been recorded from the Jurassic 
rocks, but the group does not become abundant until the 
Cretaceous period ; in the Tertiary it is better represented 
than the Cyclostomata. Very many of the Pliocene forms 
belong to species which are still living. 

The chief genera found in the different systems are .>► - 

Palaeozoic. ArcAimectes, I'enesteUa, Hemitrypaj Montimlvpora^ 
Pinnatopora^ Polyporaj Ptilodictya, Rh9hdomesony Thamnucus. 

Jurassic. B&'eniceay Cerioporay Diastopora, Entalophoray Hap- 
loceday Idmoneay Prohosdnay Spiroporuy StorrKjftopora,* 

* . . . * • 

Cretaceous. Crihrilinay Cridnay DUnstoporay Entalopkoray Hetero- 

potOy Lmulites] JHembraniporay Onychocellay ProhosAnay Stoma- 
topora. 

Eocene. Homeroiy Idmoneay Memhra^iporu,. 

Pliocene. Alveolariay Celleporay Horneray Lepraliay MfUfnp^ni- 
poray Theonoa, 
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Classes 

1. Lamellibranchia. 


2. Gasteropoda . 


3. Scaphopoda. 


4. Cephalopoda 


Sub-Classes 

t 

1. Isopleura. 

2. Anisoploura. . 


Orders 
1. Tetrabranchia.. 


2. Dibranchia 


Orders 


1. Streptoneura 
(Prosobrancbia). 

2. Euthyneura. 


e 


Sub- Orders 
1. Nautiloidea. 
Ammonoidea. 


{ 1. Decapoda. 
2. Octopoda. 


The majority of the molluscs (oysters, whelks, cuttlefish, 
etc.) are marine, but some live on land, others in fresh- 
water. Unlike the Mrorms and arthropods, they are 
unsegmented animals, and they bear no serially repeated 
appendages.* Typically, the body is bilaterally symmetrical, 
and there is consequently a repetition of the same organs 
on each side; but in most gasteropods this symmetry is 
more or less completely lost. From the dorsal surface arises 
a fold of the skin forming what is known as the mantle ; 
this generally secretes a calcareous shell, consisting of one 
or two (occasionally more) pieces. On 'the ventral surface 
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of the bo*dy is the foot — a muscular organ used in locomo- 
tion, In most cases respiration takes place by means bf 
gills, which are placed in the cavity Enclosed by the 
mantle. A heart is present, and is placed on the dorsal • 
surface ; it consists usually of a ventricle and two auricles. 
The mouth is situated anteriorly, and, except in the 
lamellibranchs, is provided wi^h a rasping organ, the 
odontophore; the anus, in typical forms, is placed posteriorly. 
Renal organs (nephridia) are present and place part of 
the body-cavity in communication with the exterior. The 
nervous system consists of a ring round the oesophagus, 
and usually of three main groups of ganglia, from which 
nerves are given off. Only sexual reproduction occurs; 
most forms are unisexual, a few hermaphrodite. 

The Mollusca are divided into four classes : — (1) 
Lamellibranchia, (2) Gasteropoda, (3) Scaphopoda, (4) 
Cephalopoda. 

CLASS I. LAMELLIBRANCHIA 

In the lamellibranch, as in the brachioppd, the shell is 
generally calcareous and consists of two valves, but these 
instead of being dorsal and ventral as in the latter, are 
placed one on the right, the other on the left side of the 
body, and the two ar5 joined togejiher by means of a hinge 
and* a ligament at the dorsal margin. The interior of 
the shell is lined by a fold of the skin^^-.he mantle (fig 91, 
m), which* is divided into two lobes, one being placed ^ 
each valve. •In the middle of Ihe space enclosed by the 
mantle (the mantle-cavity) is the foot (/).• This ip a 
laterally flattened museular organ, frequently hatchet-^ 


^ Hence the name^Pelecypoda used by some authors for this el^s. 
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or ploughshare-shaped, and is used for crawling, or for 
bhrrowing in sand or mud. Sometimes, as in the case of 
Trigonia, by means of a rapid movement it enables the 



Fig. 91. MyaSirenaria, The left valve and mantle and *half th^ siphons 
(have been* remolded, a, anterior adductor muscle ; a\ posterior 
adductor ; b, visceral mass ; c, cloacal chamber into which the anus 
opens; /, foot; g, brancbisB ; h, heart; m, cut edge of the mantle; 

mouth ; p, edge of mantle ; s, branchial siphon ; s', anal siphon ; 
t, l&bial palps ; v, anus. (From Woodward.) « 
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animal to jump to a considerable distance. In the'genus 
Mytilus the foot is very much reduced ; in others which 
have lost the power of locomotion {e,g. Ostreq) it is absent 
altogether. On the posterior part of the foot there is in* 
some genera {e,g. Mytilus^ Pinna^ Area) a gland which 
secretes a bundle of horny fibres, known as the hyssus, by 
means of which the animal moi^ itself to foreign objects. 
On each side of the foot, between it and the mantle, and 
attached to the body dorsally, are the gills or branchiae 
(fig. 91 g ) ; these consist of filaments which usually be- 
come connected so as* to form leaf- or plate-like bodies, 
whence the name Lamellibranchia. 

In some forms the margins of the two mantle-lobes 
although in contact are not united, and when this is the 
case there are usually at the posterior margin two open- 
ings leading from the exterior to the mantle-,cavity; these 
are produced by adjoining excavations or notches in the 
two lobes of the mantle. A current of water, caused by 
the cilia on the gills and mantle, flows in through the 
ventral opening, and provides the animal with food and 
oxygen; another current flows out through the dorsal 
opening, carrying with it faecal matters. In many cases, 

however, the two lobes of the mantle are fused at one or 

• 

more points; this union occurs between the exhalent 
and inhalent openirigs, and also, in many forms, below 
the ‘latter opening. In this way the mantle becomes a 
kind of bag, having three openings, ventral for the 
protrusion of the foot, and two pbsterior for the inhaleijt 
and . exhalent currents of water. Frequently, at the 
posterior openings, the mantle is greatly produced sy as 
to form two complete tubes, known as dphons (fig. 91, s, 
s') ; these are sometimes free, sometimes united, and may 
be as much as fgur times the length of the shell* *The 
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ventrdl is generally the longer ; it is furnished with tactile 
papillae, and is known as the branchial siphon (s), the 
dorsal being the anal siphon {s'). In many forms the 
• siphons can be withdrawn into the shell by means of 
muscles. Occasionally, as in Teredo, the siphons are 
surrounded by a calcareous tube. 

The shell can be cl(fied by means of the adductor 
muscles (a, a'), which pass from the interior of one valve 
to the other. In many genera there are two adductors, 
and these forms are frequently spoken of as the Dimyana ] 
others, known as the MonomyaHd, possess one adductor 
only, and when this is the case it is the posterior which 
is present, the anterior having atrophied ; this occurs in 
the oyster, but in this, and in all other forms so far as is 
known, the anterior muscle is present in the young state. 

In the lamcllibranchs there is no head, hence the class 
is sometimes spoken of as the Acephala, The mouth (o) 
is placed in the middle line of the body, ventral to the 
anterior adductor muscle, and is not provided with organs 
of mastication. At each side are two leaf-like processes, 
the labial palps (t). The mouth leads into a short oeso- 
phagus, which passes into a globular stomach surrounded 
by,. the liver; next is the intestine, which, after under- 
going many convolutions, reaches the dorsal surface of 
the body, where it pas^s through ^he pericardium and 
is surrounded by the ventricle of the heart. The knus 
(v) is situated docrally to the posterior adductor muscle. 
The nervous system usually consists of three pairs of 
ganglia. Q^ie pair is placed at the sides of the mouth and 
is aonnected by qerve-cords with a pair in the foot, and 
with a third pair placed beneath the posterior adductor 
muscle. From these ganglia nerves are given off to the 
muscl(!S, gills, etc. Tactile organs arq present on the 
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margin of the mantle and especially on the ventral siphon. ^ 
In some forms eyes occur at the ventral margin of the 
mantle-lobes; they are especially well-fleveloped in the 
genus Pecten, The heart (h) is placed dorsally, just below, 
the hinge, and is surrounded by a large pericardial cavity; 
it consists of two auricles, and a ventricle, which, as 
already mentioned, extends i?j)und the intestine. The 
renal organs consist of a pair of glandular tubes under- 
neath the pericardium. In almost all cases the sexes are 
separate, but a few forms are hermaphrodite. 



Fig. 92. Meretrix (CallUta) chioney Recent. A, dorsal view of the two 
valves. B, interior of left valve, x • 

a, anterior border ; posterior ; d, dorsal ; v, ventral ; lu, 
luniale; u, umbo; Z; ligament; aa, anterior adductor impression; 
spa, posterior adductor ; ply pallial'line ; pallial sinus ; w, x, y, 
cardinal teeth; Zj anterior lateral tooth. 

^ » 

As already mentioned, the t^o valves of the shell gre 
placed on the sides of the animal. The ma^in near the 
hinge (fig. 9^, d) is dorsal, the opposite (a>), wherq the 
valves open, is ventral ;»that near the mouth is anterior (a), 
that near the anus and siphorfs posterior (p). In the 
majority of casep the two valves are equal or almosf equal 
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in sizBf and each valve is generally inequilateral. • But in 
some {e,g- Pectunculus) the shell is nearly equilateral, and in 
others {e,g, Ostretu) it is inequivalve. Each valve may be 
^regarded as a greatly depressed hollow cone, the apex of 
which forms the umbo (fig. 92 A, u) ; these umbones are 
sometimes straight (e,g. Pecten), but generally curved to- 
wards the anterior maxgiijl; in a few genera (e.g. Nucula, 
Trigonuiy Exogyra) they are directed posteriorly;- in 
Diceras they are spiral. Sometimes there is in front of the 
umbones, and bounded by a groove, an oval depressed area 
(lu\ half being on each valve; this ‘is termed the lunule. 
Behind the umbones there is sometimes a somewhat 
similar, but larger area, known as the escutcheon. 

In the interior of the valves various markings, 
produced by the union of the muscles with the shell, may 
be noticed (fig. 92 B). The adductors form oval, round, 
or sometimes elongated depressions (the adductor impres- 
sions, aa, pa); in the Dimyaria there are two in each 
valve, one being near the anterior border, the other near 
the posterior; in the Monomyaria the single adductor 
impression is usually near the middle of the valve. When, 
as in the genus Mya^ the two muscles are placed at equal 
distances from the hinge-margin, they are of nearly the 
same size, since on account of their position they are 
equally efficient in closing the valves; but in forms like 
Mytilus, where the sjiell is very inequilateral and the 
anterior muscle is qiose to the umbo but the posterior at 
a considerable distance from it, the latter is much larger 
than the foriger, since it is placed in a more advantageous 
position for closing the valves. For the same reason the 
single muscle of the Monomyaria is attached near the 
centre of the valves. L6ss important than the adductor 
impressions are those produced by the piuscles for the 
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movemdpt of the foot (protractors and retractors) v these 
occur close to the anterior and posterior adductdts. 
Passing from one adductor impression * to the other in 
each valve is a linear depression, caused by the attach-, 
ment of the muscles of the mantle to the shell, and known 
as the pallial line (pi). In some forms this line runs 
evenly between the two adductjyr impressions and parallel 
with the margin of the valve ; it is then said to be simple 
or entire. But in those genera which possess retractile 
siphons the pallial line bends inward just before reaching 
the posterior adductor ; this indentation is known as the 
pallial sinus (s), and is caused by a part of the pallial 
muscles which serve for the retraction of the siphons. 

The hinge is formed by projections known as teeth, 
which alternate in the two valves, the teeth of one valve 
fitting into the depressions between those of the other. 
The margin of the valve on which the teeth occur is 
known as the hinge-line \ generally it is curved, but in 
some genera it is straight (e.g. Area). Several types of 
hinge may be recognised : — (1) Taxodont : the teeth are 
numerous and more or less similar in form and size, 
e.g. Nucula (fig. 93 A). (2) Dysodont : the teeth are of a 
simple type, and are developed from internal ribs at the 
margin of the valve ; the hinge-margin may be simple or 
somewhat thickened, e.g. Mytilus. (3) Isodont : there are 
two strong teeth of equal size in each valve, which fit into 
corresponding sockets in the other valve ; between the 
teeth is a median ligament-pit, e.g. Spondylus (fig. 93 D, E). 
(4) Schizodgnt : the teeth are *feV in number, thick, and 
sometimes grefoved ; the middle tooth in thp left valve is 
often bifid, e.g. jyigonicu (fig. 93 B, C). (5) Heterodont : the 
teeth are few in number and not'all of uniform shape and 
size ; some (usually two or three) are placed immediately 
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^ under 'the umbo and are known as the cwrd/mM teeth, 
others, termed laterals^ are placed in front of ana behind 
the umbo, formftig the anterior and 'posterior laterals ; 
some or all of the cardinals or of the laterals may be 



Fig. 93. Some types of hinge. A, Nuciila. a, anterior adductor ; 
posterior adductor ; I, ligament-pit. B, C, Trigonia, B, right 
valve with two large striated teeth ; C, left valve with three teeth. 
D, E, Spondylus; D, right valve; E, left Valve; a, 6, tedth; c, d, 
sockets into wliich the teeth fit ; area ; f, ligament-pit. F, hwina 

(right valve) ; a, anterior lateral tooth ; cardinal tooth ; c, pos- 
terior lateral iooth ligament. G, Lutraria (left valve) ; a, strong 
^ A-shaped cardinal tooth ; f, brocess to which the ligament <s attached. 
All drawn from recent specinAins. , 


absent; the hinge-margin is usually extended as a vertical 
lamina or hinge-plate (fig. 93 F) on which the teeth are 
hornet Meretrix. (6) Desmodont: true teeth and a 
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hinge-plate are absent, but one or more laminae oi» ridges 
are developed at the hinge-margin, e.gr. PZewromya. (7)*ln 
some genera teeth are absent ; this may be a primitive 
character, as in Grammysia, or the result of degeneration 
as in Ostrea and Anodonta, 

In some genera {e.g, ilrca) there is, between the hinge- 
line and the umbo of each vpjlve, a flattened triangular 
part of the shell, known as the area (fig. 93 D, e) ; when 
this is present the umbones of the two valves are of course 
widely separated. The lunulc and escutcheon (p. 202) 
appear to represent tile anterior and posterior parts of the 
area. Some lamellibranchs {e.g, Pecten) have, on each side 
of the umbo, triangular or wing-like extensions of the shell, 
known as ears. 

In the brachiopods the valves are opened by di- 
varicator muscles, but in the lamellibranchs the work of 
these muscles is performed by the ligament. This con- 
sists of two parts, the external (fig. 92, 1), and the internal 
(sometimes erroneously termed the cartilage) (fig. 93 Q, Z). 
One or other may be absent. The external ligament is 
composed of horny material; it is "placed at the hinge- 
margin, usually posterior to the umbones, and is frequently 
attached to more or less prominent ridges; in some genera 
(Pectunculus) the external ligament extends both in front 
of and behind the umbones^. The internal ligament 
consists of parallel elastic fibres, apid is placed in grooves 
or sockets along the hinge, so that^when the valves are 
closed it is compressed, and, bfeing elastic, tends to force 
the valves apart — its actioif is similar to that of a 
piece of indiarubber placed ^in the hinge-Une of a^door. 
The external kgament acts like a 0-spring, and is bent 
when the valves are closed. Consequently, in order to 
open the shell, fhe animal has merely to relax its adductor 
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muscled. Occasionally the ligament is preserved/in fossil 
specimens. " ^ 

The length of ' a lamellibranch shell is measured from 
the anterior to the posterior margin (fig. 92 B, a — p), the 
breadth or height from the umbo to the ventral margin 
{d — v) the thickness from one valve to the other at right 
angles to the lines of lengt/i and breadth. 



Fig. 94. Vertical section of the shell of a recent Unio^ cut in a radial 
direction from the umbo ; the right-hand side of the section is near 
th3 ventral margin, a, pearly or nacreous layer, in which the later 
lamell89 overlap the earlier and extend on to (&) the prismatic layer ; 
c, periostracum. x 10. 


The shell is secreted by the mantle; its structure 
vai;ies in different groups.*' In some genera it cctosists of 
two calcareous layers ; the inner is the pearly or nacreous 
layer^ and is formed of numerous thin lamellsB (fig. 94 a ) ; 
the outer is the prismatic layer (figs. 94 6, 85), and is com- 
posed of prisms placed mole or less nearly perpendicular to 
the sur&ce of the shell, each prism being encased in a 
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thin m^branous sheath, which can be isolated Ity dis- 
solving tie calcareous part of the 
shell in acid. The external sur- 
face is covered by a green or 
brownish horny layer (c), the peri- 
ostracum (frequently referred to ^s 
the ' epidermis ’). The prismat’p 
layer is formed by the margin of 
the mantle only ; the pearly 
layer by the general surface of 
the mantle, and this Ikyer grad- 
ually encroaches on the former, 
which consequently cannot after- 
wards increase in thickness, 
whereas the pearly layer may do 
so throughout the life of the anirpal. The pearly layer is 
absent in many forms, and the prismatic structure of the 
outer layer may be indistinct or altogether wanting, and 
this layer has then a pqrcellanous appearance. Sometimes 
the shell consists entirely of aragonite or of calcite; in 
other cases one layer may bo of calcite and the other of 
aragonite. 

The surface of the shell may be smooth, or may^be 
ornamented with radiating or concentric ribs and striae, or 
with tubercles, or sp'ines. Ofteq the exterior shows con- 
centric lamellae, which represent periods of growth. The 
part of the shell at the umbo is tjjat whjich was first 
formed, and often differs in ofnamentation and form 
from the othsr parts. The margiJis of the vajves may be 
smooth or crenulated; sometifues, as in some species of 
Pecten, the entiro shell is corrugated, thus increasing its 
strength without materially addihg to the weight. In 
many genera the ^ two valves can be completely cloSed, in 



Fig. 95. Section of pris- 
matic layer of recent 
Pinnay parallel to the 
surface of the shell and 
at right angles to the 
prisms. Magnified. 
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otherrf* they are always open at some part, and Ire then 
said to be gaping) this gape occurs most frequently at the 
posterior end, but sometimes also anteriorly. Sometimes 
•the small embryonic shell, known as the prodissoconch, is 
found at the umbo of the adult shell ; this represents the 
protegulum of the Brach^opods (p. 170) and the proto- 
conch of the Gasteropods ^nd Cephalopods. 

In order to be able to distinguish the right and left 
valves we must determine first the anterior and posterior 
margins. When the soft parts of the animal are present 
this is easily done ; but when the *fehcll only is before the 
observer the points to be noticed are the following : — 

(1) The umbones are generally directed anteriorly; 

and in inequilateral shells, the posterior part 
of the valves is, with only a few exceptions 
(Nucula, Lima), longer than the anterior part. 

(2) The lunule is anterior to the umbones. 

(3) The external ligament is commonly posterior to 

the umbones, and is never entirely in front of 
them. 

(4) The pallial sinus is posterior. 

• 7 

(5) When one adductor impression only is present, it 

is the posteri^or. ‘ * 

• • • • • 

(6) When one adductor impression is distinctly larger 

than t]%^ other, the larger is the posterior. 

Having foiyid the anterfor and posterior cnargins, the 
shell shouldt be placed witft the dorsal surface uppermost 
and the anterior margin pointing -away from the observer, 
then the right and left Valves will be on his right- and left- 
han(f sides respectively. ^ 
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Mostt of the lamellibranchs are free, but a few ^Drms, 
such as t^e oyster, are permanently attached by one valvfe, 
which adheres firmly to a rock or some dther object. In 
some cases the right valve is fixed, in others the left. The 
shell in these forms becomes irregular and the fixed valve 
is larger and thicker than the free valve. Other genera 
are attached by means of a byssus (p. 199), which often 
passes out through a notch or sinus in the margin of one 
or both valves. In the free forms, movement takes place 
usually by means of the foot, but some genera {Pecten, 
Lima) move by the rapid opening and shutting of the 
valves. A few are capable of making borings into various 
substances ; thus Teredo, the ship-worm, bores into wood, 
Lithodomus and Sacdcava into limestone, and Pholas into 
various materials, such as sandstone, limestone, gneiss, 
peat, and amber. Wood perforated by Teredo has been 
found fossil in various formations of Eocene and Oligocene 
age. 

The features which more especially characterise the 
lamellibranchs as a class are : the absence of a head and of 
organs of mastication, the bilateral symmetry, the division 
of the mantle into two lobes, the bivalve shell and the 
lamellar gills. Although at first sight the shell appears 
to resemble closely that of the brachiopods, it difers 
in several important * respects : — (1) the valves are right 
and • left, instead of dorsal ancf ventral, (2) they are 
generally inequilateral and equivalve,^(3) teeth occur on 
both valvf^s, (4) a ligament is present, (5) the umbones 
are never perforated for a pedanitle, (6) the microscopic 
structure of the* shell is differeiit. 

Various classiftcations of the Lamellibranchia have been, 
from time to time, proposed. By l^amarck this class was 
divided into the Monomyaria and the Dimyaria, depeiiding 

14 
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on the presence of one or two adductor muscles. Between 
ttfese two groups, however, there are numerotlis inter- 
mediate forms in which the anterior muscle is smaller 
than the posterior; and, further, one genus (Dimya), 
which in other respect agrees with some of the Mono- 
myaria, possesses two adductor muscles. A third division, 
the Heteromyaria, was established for the genera in which 
the anterior adductor is small, but its limits are not well 
defined, and moreover, in Mytilus it is found that whilst 
in M. edulis both muscles are present, in the closely allied 
species, AT. latuSy the anterior adductor is absent. Another 
classification, which was suggested by Fleming, was based 
on the presence or absence of siphons ; the two groups 
being termed the Siphonida and the Asiphonidd; the 
former has been further divided according as to whether 
the pallial line is entire (Integripalliata) or provided with 
a sinus (Sinupalliata). Neumayr, Dali, and others have 
divided the lamellibranchs into groups based largely on 
the character of the hinge (p. 203) ; whilst the classifica- 
tion brought forward by Pclseneer, is founded on the form 
and structure^ of the gills. The divisions which are pro- 
visionally used in the following pages are similar to those 
proposed by Neumayr. 

1. Hinge taxodont. Two nearly equal adductor 
muscles. Siphons usually wanting. 

Nucula^ (fig. 93 A).' Shell cqui valve, trigonal or oval, closed, 
posterior side very short; umbones directed posteriorly. Surface 
smooth or ornamented. Ii^terior nacreous. Margins, of valves 
smooth or cifenulated. Hi^ige angular, with a median internal 
triangular ligdinent-i)it, and numerous sharp teeth. Adductor im- 
pressions nearly equal. Pallial line simple. Silurian to present 
day. Ex. A. hammeri, Lias ; A. dis^onil Bracklesham Beds. 

^ All the genera of Mollusca described are marine unless otherwise 
stated!'* 
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Nucmlana {^Leda), Similar to NucvZa. Posteriorly the 
shell is ploduced and pointed, and provided with a ridge or carfcia. 
Pallial line with a small sinus. Margins smooth Luriule lanceolate. 
Silurian to present day. Ex. N. lachryma, Inferior Oolite to Corn- 
brash ; N. caudata^ Pliocene to present day. * 

Ctenodonta. Shell oval or elongated, nearly equilateral, 
smooth or with concentric striae. ^ Ligament external. No area. 
Hinge curved or angular, with numerous small teeth. No internal 
ligament-pit. Pallial line simple. Cambrian to Carboniferous. 
Ex. C, pectunculoideSy Ordovician, 

Area. Shell thick, generally oqui valve, sub-quadrangular, 
ventricose, ornamented with radiating ribs and concentric striae ; 
margins smooth or dentate ; closed or gaping ventrally. Hinge 
straight, with numerous, small, equal, transverse teeth. Umbones 
prominent, separated by the large areas, which have numerous 
ligamc\ital grooves converging from the hinge-margins to the um- 
bones. Adductor impressions sub-equal, the anterior rounded, the 
posterior divided, Pallial line simple. Jurassic to present day. 
Ex. A, tetragonay Pliocene to present day ; A. granosa, Recent. 

Cucilllaea. Shell similar to Area, Hinge with shoit central 
transverse teeth, and two to five lateral teeth nearly parallel to the 
hinge-margin. Posterior .adductor fixed to a thin raised plate. 
Jurassic to present day. Ex. G. fibrosuy Upper Greensand. 

Pectunculus ( — Glycimeris, Axineea). Sheli thick, solid, sub- 
orbicular, equivalve, almost equilateral. Surface smooth or radially 
striated. Ligament external. Umbones central, slightly curved 
posteriorly, separated by a small triangular area provided with 
diverging grooves for t];ie ligament. Hinge arched or semicircular, 
with a row of numerous, small, strong, transverse teeth, obliterated 
at the centre in the older forms by the growth of the area. Margins 
crenulate inside ; adductor inmressions sub-Qqual — Jhe anterior sub- 
triangular„the posterior ovaror rounded. Pallial line with a v^y 
small sinus. ^Cretaceous to presenli day. Ex. 7^. glycimeris, 
Pliocene to present day. 

2. Hinge dysodont, but teeth sometimes rudimentary 
or absent. Anterior adductor snAiller than the posterior, 
sometimes absent in the adult. Pallial line simple?* 


14—2 
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HtUIus. Shell thin, equivalve, very inequilateral, elongated, 
Bulf-triangular, posterior border rounded. Umbonffi sharp, 
terminal, anterior. ( Teeth small or absent. Ligament linear, 
marginal, sub-internal. Anterior adductor impression small, placed 
near the umbo ; posterior large j pallial line simple. Trias to 
present day. Ex. M. edulu^ Pliocene to present day. 

Modiola. Shell similar po MytUus^ but oblong, inflated in 
front. Umbones obtuse, anterior, but not terminal. Devonian to 
present day. Ex. M, modiota^ Recent; Jf. imhricatay Inferior 
Oolite. 

Lithodomus {=^Lithop}uigus), Shell similar to Modiola ; 
sub-cylindrical, rounded in front, wedge-like behind. Lithodomus 
bores into limestone, etc. Carboniferous to present day. Ex. L, 
hiclususy Inferior Oolite to Corallian. • 

Modiolopsis. Shell thin, smooth, elongate, very inequilateral, 
anterior part small, posterior part enlarged. Umbones nearly 
terminal, close together ; a depression crosses the valves obliquely 
from the umbo. No teeth. Anterior adductor impression deep; 
posterior adductor large, faintly marked. Ordovician and Silurian. 
Ex. M, modiolaris, Ordovician. 

Myoconcha. Similar to Modiolopsis, but usually with a long 
cardinal and a long slender posterior later/il tooth in the right valve. 
Carboniferous to Chalk. Ex, Jf. crassa, Inferior Oolite ; M, cretacea, 
Chalk. 

Hippopodium. Shell very thick, very convex,, oblong; 
surface with lines of growth. Umbones large, anterior. Hinge 
thicl^ with one oblique tooth which may disappear in old specimens. 
Adductor impressions deep. Pallial line simple. Lias to Great 
Oolite. Ex. H. pondero8um,^ow&: and Middle Lias. ‘ 

Myalina. Shell thick, trigonal, oblique, very inequilateral, 
with pointed umbones ^t the anterior extremity. Anterior marginal 
p%rt of valves sharply bent. Posterior part compressed, wing-like. 
Hinge-line straight, long. Hifcge-margin broad wit^ longitudinal 
striations. Ai^erior adductor npar the ventral edge of the anterior 
end of the hinge-plates Posterior adductor large, oval. Pallial line 
simple. Surface with growth-lines, often lantellar. Silurian to 
Permian ; common in Carboniferous. Ex. Jf. vernemU, Carboni- 
ferous.** 
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Pin^. Shell generally thin, with coarse prismatic structure « 
(fig. 96), lequivalve, inequilateral, wedge-shaped, without ears. 
Umbones sharp, anterior, terminal. Valves fruncate and gaping 
posteriorly. Hinge-line straight, long. No teeth. Ligament linear^ 
almost entirely internal, lodged in a groove. Posterior adductor, 
large, sub-central ; anterior adductor close to the umbo. Devonian 
to present day. Ex. P, hartmanni^ ^ias ; P, ajffinis, London Clay. 

Gervillia. Shell obliquely elongated, very inequilateral, 
slightly inequivalvo, the left valve a little more convex than the 
right; umbones almost terminal. Hinge straight, with broad 
margin on which are numerous perpendicular, widely-separated 
ligament-pits; with two, or more oblique ridge-like teeth. Ears 
indistinctly limited from the rest of the shell, the anterior very 
short, the posterior long. Posterior adductor impression large, sub- 
central. Trias to Eocene. Ex. G. siihlanceolata. Lower Greensand. 

• ' 

InOCeramilS. Shell variable in form, circular, oval, or oblong ; 
inequilateral, inequivalve, ventricose or compressed, with ears indis- 
tinctly limited. Umbones prominent, rather anterior. No teeth. 
Surface with concentric (or rarely radiating) furrows. Hinge-line 
straight, usually long, with numerous parallel, closc-sct, transverse 
ligament-pits. Adductor impression rarely visible. Inner layer of 
shell thin and nacreous ; tutcr layer thick, formed of large prisms. 
Lias to Chalk ; common in Upper Cretaceous. Ex. /. concentricus^ 
Gault ; /. hrongniarti, Chalk. ,, 

Perna. Shell nearly equi valve, inequilateral, compressed, sub- 
quadrate or sub-circular. Umbones at the anterior end. IHnge- 
line straight, without teeth ; hinge-margin broad, with numerous 
transverse, elongated ligament-pits placed close together and piirallel 
with one another. Right valve with if byssal sinus. Adductor im- 
pression large, sub-ccutral, double ; palliAl line simple.- Posterior 
ear often large, not distinctly limited. Trh».s to present day. Ex. 
P, mytiloidkSi Upper Jurassic ; P. ephtppiunfiy Recent. , 

Pieria {^Avicula), Shell obliqui^, inequilater^, inequivalvo, 
left valve more convex than the ri^ht. Interior nasreous. IJinge 
long, straight, with.one or i;wo small cardinal teeth and a lamellar 
lateral tooth. Pos^terior ear wing-like a^id longer than the anterior. 
A byssal sinus under the right anterior ear. Area small. Lament 
long, partly internal, partly external, in a groove. Posterior 
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adductor impression large, sub-central. Silurian to pr^ent day. 
Ex? P, media^ Barton Beds ; P. hirundo^ Recent. Sfib-genera, 
or closely allied genera, are Actinopteria^ Leiopteria^ PteroniieSy 
Pxytoma. 

Pseudomonotis. Similar to Pteria^ but the shell is oval, 
the left valve large and very convex, and the right valve flattened ; 
the anterior ear small or rudilnentary. Devonian to Cretaceous. 
Ex. P. echimta^ Coriibrash. t 

Aucella. Shell thin, obliquely elongate, inequilateral, inequi- 
valve, with concentric folds or ribs. Left valve convex, with 
prominent incurved umbo ; eai’S indistinctly limited. Right valve 
flattened, anterior ear triangular, with a d6ep byssal sinus ; posterior 
ear indistinctly limited. Hinge-line straight, short, without teeth. 
Ligament external. Upper Jurassic and Lower Cretaceous. Ex. 
A. heyserlingi^ Speeton Scries. 

Pterinea. Form similar to Plena ; left valve flattened. 
Hinge with small transverse anterior teeth, and laminar posterior 
teeth. Area largo, with longitudinal grooves for the ligament. 
Posterior adductor impression large, shallow ; anterior impression 
small, deep, below the anterior oar. Silurian to Carboniferous ; 
common in Devonian. Ex. P. ktvis^ Devonian. 

Posidonomya. Shell thin, oblique, oval, equivalve, com- 
pressed, with concentric furrows. Umbones small, sub-central. 
Hinge-line straight, short, without teeth ; posterior ear compressed, 
indistinctly limited. Silurian to Jurassic. Ex. P. hedteri, Carboni- 
ferow5. 

Conocardium. Shell more or less trigonal, very inequi- 
lateral, with radiating ribs ; posterior side short, truncateh, forming 
a cordate posterior end,, produced into a long tube ; anterior side 
oblique, compressed, wing-like, gaping. Umbones small, pointed, 
incTU*vcd. Hinge-line \ong,' straight. Ligament partly external, 
pkrtly internal, attached to plate behind the umbones. Anterior 
adductor impression large, deej) ; posterior inipre'ssion shallow. 
Inn€br margins of valves toothe^.l. The truncated end bearing the 
tube is regarded by some authors as anterior, aijd the wing-like end 
as posterior. The affinitierj of this genus have not yet been deter- 
minedrt Silurian to Carboniferous. Ex. C. hiherTiicvMy Carboniferous 
Limestone. 
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3. ^inge, when well-developed, isodont; teeth* some- , 
times abient or imperfect. A median pit for the ligament. 
Siphons absent. Posterior adductor only present. 

• • 

Spondylus (fig. 93 D, E). Shell irregular, with ears, attached 
by the right valve ; surface with radiating ribs which are spiny 
or foliaceous. Right valve larger rjtid more convex than the left, 
with a triangular area. Two strong teeth in each valve, which fit 
into corresponding sockets in the otlier valve ; between the teeth 
a triangular ligament-pit ; ligament partly external. Adductor im- 
pression large, sub-central. Jurassic to present day. Ex. S, spino- 
stis, Chalk ; S. rarispina^ Rracklesham ; S. gcederopuSy Recent. 

Plicatula. Similar to Spondylus. Surface smooth, folded 
or scaly. Without ears. Area very small. Ligament internal. 
Adductor impression excentric. Trias to present day. Ex. P. 
spinosay Lias ; P. inflatay Chalk ; P. cristatay Recent. 

Anomia. Shell thin, irregular or sub-circular, attached by 
a calcified byssus, whicli passes through a rounded sinus near the 
umbo of the right valve. Right valve flattened, with a central 
adductor impression; left valve larger, convex, with three impres- 
sions of the byssal muscles and one of the adductor. Teeth absent. 
Lias to present day. Ex.«A. ephippiumy Pliocene to present day. 

Pecten. Shell sub-circular, ovate or trigonal, closed, almost 
equilateral, inequivalve or nearly cquivalve. Sifrface frequently 
with radiating ribs or stria?, sometimes smooth or with concentric 
ridges. Hinge-line straight ; with well-developed ears, wijh or 
without a byssal sinus. A central, triangular pit for the internal 
ligament. Adductor iiaprossion large, a little excentric. Carboni- 
ferous to present day. Pecten incliWes a very large number of 
species, which are grouped into sub-geneVa and sections, of which 
the more 'important are : — jEquipecten (^x. Pectm aspeVy Upper 
Greensand^ P. opercularisy Pliocene) ; ^Amusium (ex. P. pleuronecfpSy 
Recent) ; Camptonectes (ex. P. lens* Jlirassic) ; ChlamySy HinniteSy 
Neithea (see below) ; Syncyclonem<^ (ex. P. orhiculat^Sy Chalk). 

Chlamys: shell ovate o^ trigonal, nearly e^ui valve, surface with 
radial ribs. Ears large — the anterior larger than the posterior and 
with a deep sinus for the byssus on the right valve. Trias toj)resent 
day. Ex. P. islan^kusy Pleistocene and Recent. • 
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Hiifmtei ; the young shell is like ChlamyB ; the adult i< irregular 
likh Oatrea^ and is attached by the right valve. Cretaceoui| to present 
day. Ex. AT. corte8!d^ Pliocene. 

Pectm (restricted) : right valve very convex, left flattened. Ears 
^nearly equal. No byssal sinus. Cretaceous to present day. Ex. 
P. maxiwm^ Pliocene to present day. 

Neithea : similar to the las^ ; with numerous small denticles on 
the hinge. Cretaceous. Ex. P, {Neithea) quadricostatus, Upper 
Greensand. ^ 

Lima. Shell obliquely oval, anterior part larger than the 
posterior part, equivalvc, compressed, with radiating strisB or ribs. 
Valves gaping anteriorly and sometimes posteriorly. Umbones 
distant, sharp. Hinge-line straight without teeth, with unequal 
ears. On each valve a triangular area, with a central ligament- 
pit. Adductor impression large. Two small pedal impressions. 
Carboniferous to present day. Ex. L. gigantea, Lias ; L. 'cardii- 
formia^ Middle Jurassic ; L. squamosa^ Recent. Sub-genera Plagi- 
oatoma^ Limatula^ Mantelhm^ etc. 

Aviculopectexi. Shell ovate, slightly inequilateral ; right 
valve less convex than the left. Umbones distinct ; hinge-line 
straight, long ; ears distinctly limited, the posterior larger than the 
anterior and often wing-like ; a byssal s^nus beneath the anterior 
ear in the right valve. Hinge-margin with narrow, nearly parallel 
grooves. A central pit for the internal ligament. Adductor im- 
pression large, sub-central. Surface usually with radial ribs, and 
concentric lines, the ornamentation different on the two valves. 
Devocian to Permian. Ex. A. tahulatua. Carboniferous. 

Pterinopecten. Similar to Aviculopecten ; posterior ear not 
distinctly limited; both valveawith the siime kind of ornamentation. 
Devonian and Carboniferous. Ex. P. papyraceua, Carboniferous. . 

Ostrea. Shell wit^i lamellar structure, irregular, inequivalve, 
slightly inequilateral, fixed by the left (larger) valve. 'Left valve 
convex, often with radiating MRs or strise ; umbo prominent, some- 
times directed interiorly, somet^es posteriorly. ** Right valve fiat 
or concave, often ’sm6oth. Ligamental^ cavity triangular or elon- 
gated. Hinge without teeth. Adductor impression sub-central ; 
pallial line indistinct. Trias to present day. Ex. 0. deltoidea, 
KimeriSTgian ; 0. edulia, Pliocene and Recent. ^ 
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Alectryonia. Similar to Oatrea, Both valves withp coarse 
angiilai’ fojds ; edges of valves toothed. Trias to present day. lx. * 
A, gregaria^ Corallian ; A. Lower Chalk. • 

Gryphsa. Shell similar to Ostrea, but free in the adult, 
stage ; left valve large and convex, with a prominent incurved umbo. 
Right valve flattened or concave. Lias to present day. Ex. 0, 
arcuata{^ incur i 

Exogyra. Similar to Ostrea. ^hell fixed by the left (larger) 
valve. Right valve flat, resembling an operculum. Umbones more 
or loss spiral, directed posteriorly. Upper Jurassic to Chalk. Ex. 
E, columba^ Upper Greensand. 

4. Hinge schizodont, or formed of thick, irregular 
teeth. Valves equal. Two nearly equal adductors. 
Ligament usually external and behind the umbones. 
Pallial line simple. Inner layer of shell usually pearly. 

Trigonia (fig. 93 B, C). Shell thick, ornamented with rows 
of tubercles or with concentric (sometimes radiating) ribs ; trigonal, 
very inequilateral, anterior margin rounded, posterior produced and 
angular. Generally with a ridge extending from the umbones to the 
posterior border, cutting a portion which has a different orna- 
mentation. Umbones anterior, directed posteriorly. Cardinal teeth 
diverging, grooved, two in . the right valve, three in the left, the 
central tooth in the latter being bifid. Ligameinf marginal, thick. 
Adductor impressions deep, the anterior smaller than the poste- 
rior, and placed near the umbones. A i)edal impression in frpnt of 
the iK>sterior adductor of each valve and also one in the umbo of 
the left vtilve. Pallial line simple. Interior of shell nacreous. Lias 
to present day. Ex. T, costata^ Inferior Oolite to Cornbrash ; T, da- 
veUata, Corallian. 

SchiZOdUSa Similar in form ^ Tfigonia ; * shell thin and 
smooth, umbones placed anteriorly. • '^hree teeth in bach valve, fhe 
middle one bein^ a cardinal ; the anterior lateral inconspicuous in 
the right valve. Adductor impres^ons shallop. CaArboniferous and 
Permian. Ex. S, ‘Permian. 

Myophoria. Allied to Schizod^. Shell oval, trian^lar, or 
trapezoidal. Umbones anterior, often with a ridge extendihg to the 
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lower part of the posterior border. Surface nearly smooth or with 
radial ribs. Bight valve with one, sometimes two, cardina^, teeth, and 
ridge-like posterior lateral tooth. Left valve with a triangular, some- 
times bifid cardinal, and one anterior and one posterior lateral tooth. 

* Adductor impressions with a ridge passing to the hinge. Trias and 
Khrotic. Ex. M, laevigata, Trias. 

Unio. Shell thick, oval elongated, with a thin periostracum. 
Surface smooth, tuberculatc, ftriated, or folded ; interior nacreous. 
Umbones more or less anterior, often corroded. Ligament external, 
elongated. In the right valve one or two thick, irregular teeth 
below the umbo and a long lamellar i)osterior lateral tooth ; in the 
left valve, two .thick irregular teeth near the umbo, and two long 
lamellar posterior lateral teeth. Adductor impressions very deep, 
especially the anterior. Pallial lino simple. Inferior Oolite to 
present day. Lives in fresh water. Ex. I/, littoralis, Pleistocene 
and Becent. 

Anodonta. Allied to C/nio ; shell relatively thin, without 
teeth. Fresh water. Miocene (perhaps Purbeck) to present day. 

Carbonicola (=A?it/imco,na). Similar in form to Unio, but 
the anterior part of shell is broad and tumid, the posterior part 
narrow and compressed ; usually a constriction at the ventral border. 
Hinge-plate triangular, with or without cardinal teeth, no laterals. 
Adductors large^ the anterior near the margin. Pedal impression 
above the anterior adductor. Carboniferous and Permian. Probably 
fresh water. Ex. C. rohusta. Coal Measures. 

« 

Anthracomya. Differs from Carbonicola chiefly in having 
the posterior part of the shell broad and 'expanded. Hinge-plate 
small, with a cardinal and one'posterior lateral tooth. Carboniferous. 
Probably fresh water. Ex. A, adatmi. 

^ Cardinia. Shell \rigofial, oval, or oblong, very inequilateral, 
compressed, thick, marked lines of growth. Iqjierior not na- 
creous. Umbones small, sharp, ^lose together. Ligament external. 
Cardinal teeth* small* or obsolett; in the right valve one anterior 
lateral tooth, in the left, one posterior lateral. Im'Jpression of anterior 
adductor very deep. Palliaf line simple. Trias to Middle Jurassic 
(chiefly “Lias). Ex. C, listeri, Lias. 
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Megalodon. Shell thick, oqui valve, smooth or with con- 
centric lin|8, convex, inequilateral, oval or rounded triangulilr. 
Umbones prominent, curved forward. Ligamftnt external, long. 
Hinge-plate very large and thick ; teeth thick ; in the right valve 
two cardinals separated by a pit ; in the left valve one cardinal * 
under the umbo and a small anterior cardinal ; no laterals. 
Anterior adductor impression small, ^emilunar ; posterior adductor 
long, shallow, on a ridge extending from the hinge to the posterior 
border. Devonian to Jurassic. Kx. M. cucxdlatusy Devonian. 
Pachyrisma (Trias and Jurassic) is allied to Megalodon, 

5. Hinge heterodont ; hinge-plate usually well-de- 
veloped. Two nearly dqual adductors. Ligament behind 
the umbones. Siphons usually well-developed. Shell 
without a pearly layer. 

(a) Pallial lino usually simple. 

Cyprina. Shell orbicular or oval, convex, with concentric 
stria3 and a thick pcriostracum. Umbones prominent, incurved. 
Ligament external, prominent. Lunule seldom present. Right 
valve with a small anterior caidinal below a triangular median 
cardinal, an oblique bifid j)osterior cjirdinal, and a posterior lateral. 
Left valve with a small anterior cardinal, a vertical median cardinal, 
and a long oblique posterior cardinal. Adductor impressions oval. 
Pallial line entire. Margins of valves smooth. LiSs to present day. 
Ex. C, islandipa, Coralline Crag to present day. 

Isocardia. Similar to Cyprina. Umbones inflated, curved 
anteriorl;^ or spirally iyrolled. In each valve two nearly parallel 
cardinal teeth and one i)osterior lateval. Jurassic to present day. 
Ex. 7. cor. Coralline Crag to present day. • 

Astarte. Shell thick, inequilateral, ^norc or.less trigonal or 
sub-orbicular, compressed, closed. Surface usually with concenlyic 
furrows or sirisc. A thick periolbrAcum is 'present. Umbones 
prominent. Lurfule distinct. Escutcheon elongated. Ligament 
external. Two cardinal ^eth in each valVe, lateral teeth ‘rudi- 
mentary. Adductor impressions strongly marked ; above the 
anterior one is a pedal impression. ' A,llial line simple. Trias to 
present day. Ex. omaliiy Coralline Crag. ^ 
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Opis. Shell trigonal, cordiform, convex, with an oblique keel ex- 
tiAiding from the umbo to the posterior border. Umbonei^prominent, 
incurved or sub-spiral. Lunule large and very deep. Surface gene- 
rally with concentric furrows. One cardinal tooth in the right valve, 
two in the left. Pallial line simple. Trias to Chalk. Ex. 0, 
latU8^ Inferior Oolite. 


Crassatellites ( = Crasiatdla). Shell solid, oblong or sub- 
trigonal, attenuated behind.^ Surface smooth or concentrically 
furrowed. Margins of valves smooth or crenulated. Umbones 
small, close together. Lunule distinct. Ligament internal, placed 
in a pit under the umbo. Hinge with two (sometimes three) cardinal 
teeth, and some small laterals. Adductqr impressions deep. Pallial 
lino simple. Cretaceous to present day. Ex. C. sulcatus, Barton 
Beds. 


Cyrena. Shell cordiform, oval, or trigonal, usually with con- 
centric ridges ; umbones often corroded. Hinge with three cardinal 
teeth ; one anterior and one posterior lateral in the left valve, and 
two of each in the right valve. Ligament prominent, external. 
Pallial line usually entire. Lijis to present day. Lives in fresh and 
brackish water. Ex. C. ce^lanica, Recent. 

Corbicula. Similar to Cyrena^ but with the lateral teeth 
lamellar and transversely striated. Eocene to present day. Fresh 
water. Ex. C, Jluminalis, Pliocene to present day. • 

Cardita. Shell oval or oblong, elongated, very inequilateral, 
with prominent scaly ribs ; often a little gaining and sinuous at its 
ventral margin.. Umbones in’ominent, anterior. Lunule present. 
Ligament external. In the right valve two long, parallel cardinal 
teeth, and a small anterior lateral tooth. In the loft valve one 
short anterior cardinal, and one long posterior cardinal, and a 
rudimentary posterior lateral tooth. Adductor impressions large. 
Pallial line simple. Tlias to present day. Ex. (7. ^codycvlata^ 

Recent. • . . ' 

# • 

Veneric^tdia. Shell oval, triangular, \>r heart-shaped, 
inequilateral, with radiating ribJ. Umbones prominent. Ventral 
margin crenulated internally, not sinuous. Ligament external. 
Hinge-nlate thick; in the right valve two oblique cardinal teeth and 
one smml or rudimentary anterior lateral ; in the left two diverging 
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cardinal teeth. Adductor impressions unequal. Pallial line 
simple. Cretaceous to present day. Ex. F. planicosta^ Brackleshasn 
Beds. .i 

Chama. Shell irregular, thick, inequivalve, fixed by the 
umbo of the larger valve (generally the left, sometimes the right). 
Umbones spiral or sub-spiral, directed anteriorly, that of the fixed 
valve longer than the other. Surfacb with concentric lamella} or 
spines. The fixed valve larger and miyjh deeper than the other. In 
each valve a strong cardinal tooth, and sometimes in the inferior 
valve a narrow cuived posterior tooth also. Ligament external, in 
a deep groove, prolonged towards the umbones. Adductor impres- 
sions large, the anterior cctnmencing near the hinge-line. Pallial 
line simple. Upper Cretaceous to present day. Ex. (7. aquamosay 
Barton Beds. 

Diceras. Shell thick, inequivalve, fixed by umbo of larger 
valve. Umbones large, inrolled, directed forwards. Ligament 
external, in a curved groove at the posterior margin of the hinge. 
Hinge-plate very thick ; right valve with a large, elongate, curved 
posterior cardinal tooth parallel to the ligament groove, and an 
anterior pit ; left valve with a largo ear-shaped cardinal tooth and 
a pit for the tooth of the right valve. Adductor impressions 
distinct, the posterior on a raised elongated plate. Pallial line 
siftiple. Upper Jurassic. Ex. Z>. arietinim, Requienia and Toucaaia 
(Cretaceous) are related to Diceraa, * 

Hippurites (figs. 96, 97). Shell very large and massive, conical 
or sub-cylindrical, not spiral, very inequivalve, fixed by the apex oT the 
larger val^^e. The large^ (lower) valve elongate-conical, striated or 
smooth, and with three parallel furrowit extending from the apex to 
the cardinal margin, due to folds of the shell -wall which give rise to 
three corresponding ridges in the interior. Hinge consists of a small 
cardinal tooth and of cardinal pits ; tftiterftr adductor impression 
large and divic^pd into two separate pa^ts ; posterior 'adductor in a 
depression. Small (upper) valve flattened or slightly convex, 
operculiform, porous, the pores leading into canals ; "with a central 
umbo and two prontinent teeth; the anterior tooth very large with 
two surfaces at its base for the attachnlent of the adductors ; the 
posterior tooth -smaller with a tooth-like process for the pdl^terior 
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adductor. The small valve is formed of two layers ; the outer is 
t]r4n and prismatic, the inner is porcellanous and traversed by 
numerous canals. eThe outer layer of the large valve fs formed of 
small prisms arranged in parallel layers obliquely to the surface of 
the shell; the inner is porcellanous and formed of thin leaflets. 
Upper Cretaceous. Ex. //. cornu-vaccinuni. 



Fig. 96. Fig. 97. 


Fig. 96. Transverse section of the large valve of Hippurites cornu- 
vacchium, r, umbonal cavity; e, internal layer of shell; d, external 
layer; I, m, 7iy folds; cardinal teeth; a, anterior adductor; 
a', posterior adductor; c, cavity; c', cardinal fossa. Cretaceous. 
(From Woodward.) x J. * 

Fig. 97. Longitudinal section of the small valve and part of the large 
valve of Hippurites cornu-vaccinum, u, umbonal cavity of small 
valve; d, external layer of shell; r, internal layer; i, part of cavity 
between the valves; a, anterior adductor; a\ posterior adductor; 
t, f anterior and posterior cardinal teeth 6f small valve ; «2, cardinal 

tooth of large valve. (Frofh Woodward.) x 

» 

Radiolit^S. Shell large, thick, valves very unequal. The 
Icirge (lower) valve conical ‘or sub-cylindrical, generally straight, 
fixed by its apex '(umbo) ; | surface with vertical r^bs, and thick, 
horizontal projecting layers which are more or lesc regularly folded ; 
with*^a ligamental fold extending from the apex to the margin, and 
two vertical undulations corresponding *to the positions of the anal 
and branchial orifices; ouffer layer of shell very thick, formed of 
polygotml or prismatic cells ; inner layer thin, porcellanous, often 
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not preserved ; an elongate median tooth ; two adductor im- 
pressions widely separated. The mall {upper) valve generaUy 
convex or cJonical, sometimes flat, with central lynbo ; two straight, 
elongate, grooved teeth ; the two adductor muscles were attached 
to plates on either side of the teeth ; shell structure similar to ’ 
that of the larger valve, but with the external layer thinner. 
Upper Cretaceous. Ex. It, angeiodes, 

Unicardium. Shell oval or rounded, inflated ; surface with 
concentric lines or ridges. Umbones prominent, curved inwards. 
In each valve a small cardinal tooth which is often obsolete, and a 
posterior ridge separated from the margin by a furrow in which is 
the external ligament. Adductor impressions elliptical. Trias to 
Cretaceous. Ex. U, cardioides^ Lias. 

liUCina (fig. 93 F). Shell orbicular or oval, slightly inequi- 
lateral,, usually ornamented with concentric lines or ridges. Lunule 
usually distinct. An oblique furrow extends from the umbo to the 
posterior border. Hinge usually with two cardinal and one or two 
lateral teeth in each valve ; the lateral, or the cardinal, may be absent. 
Ligament elongated, external, sometimes partly internal. Adductor 
impressions well marked, the anterior elongated and placed mainly 
within the pallial line, the posterior oval. Pallial line entire. 
Margins of valves smooth oy finely crenulated. Trias to present day. 
Ex. L, borealis, Coralline Crag to present day. 

Cardium. Shell convex, slightly inequilateral;' cordate or oval, 
generally closed. Umbones prominent, incurved, turned slightly to 
the anterior end. Surface with radiating ribs, vrhich arc often 
spiny. Margins of valves crenulated. Right valve with one or two 
cardinal ^iceth, two arnJerior laterals, and one or two posterior 
laterals; left valve with two cardinals, one anterior lateral and 
one posterior lateral. Ligament external'. Adductor impressions 
shallow. Pallial line entire. Trias to pr^nt day. Ex. C, acu- 
leatum, Pleistocene and Recent ; C, edule, Plioeeqe to present 
day. * * * * 

Protocardia. Similar to Cardium, but with* radiating* ribs 
on the posterior •part of the shell only, the remainder with , 
concentric ribs. Jurassic to present dt^. Ex. P, hillana, Upper 
Greensand. ^ 
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Thetironla Thetis), Shell thin, oval, rounded, very 
convex, slightly or moderately inequilateral. Umbones prominent, 
curved inward aqd slightly forward. No lunule. ^ Ligament 
external. Two small conical or tubercular cardinal teeth under the 
' umbo in each valve ; no laterals. Adductor impressions near the 
anterior and posterior margins. Pallial line simple. Two internal 
ribs meet at an acute angle near the umbo and extend ventrally to 
the level of the adductors. Surface of shell nearly smooth, with 
concentric lines and radial :ows of small pits which are more 
distinct on the posterior part than elsewhere. Cretaceous. Ex. 
T, minor ^ Lower Greensand. 

(6) Pallial line usually with*a sinus, but sometimes 
sinuous only. 

Venus. Shell thick, oval, convex, ornamented with concentric 
lamella), sometimes with radial ribs; lunule distinct. Margins of 
valves finely crenulate. Hinge-plate wide ; in each valve three 
cardinal teeth, often bifid, no lateral teeth. Ligament external, 
prominent. Pallial sinus short, angular. Miocene to present day. 
Ex. V, casina. Pliocene to present day ; V, verrucosa^ Recent. 

Meretrix (fig. 92). Shell thick, ovate, sub- trigonal, convex, 
smooth or with concentric ornament. Margins of valves smooth. 
Lunule present. Ligament external. Hinge-plate thick, with three 
cardinal teeth iki each valve, two anterior laterals in the right, and 
one in the left valve. Pallial sinus angular or rounded. Cretaceous 
to present day. M, meretrix^ Recent; Ex. M, {Callista) planus^ 
Upper Greensand ; M. ( Callista) c1iion% Recent. Meretrix is here used 
in a wide sense, and includes Callista^ Cytherea^ Tivela, Pi^aria^ etc. 

Dosinia { = Artemis), Shell orbicular, compressed, with con- 
centric ridges or stria). Lunule depressed. Escutcheon narrow. 
Ligament sunk. Threep cardinal teeth in each valve, one anterior 
hfteral in the left valve an^ two (rudimentary) in the right. 
Margins smooth. Pallial smus very deep. Oli^ocene to present 
day.. Ex. D, exoleta,, Coralline CJrag to present day. 

Tellina. Shell oval, elongate,' sometimes sub -orbicular, 
lightly inequivalve, compressed, rounded in front, attenuated 
behind,* and furnished with an oblique fold from the umbo to the 
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posterior border. Margins of valves smooth. Two caidiiial teeth in 
each valve, and one anterior and one posterior lateral which fU'c 
often indistinct in the left valve. Ligament external, prominent. 
Pallial sinus very deep. Jurassic to present day. Ex. T, virgata, 
Recent ; T, rostralis, Eocene. ^ 

Psammobia ( = Gan). Shell elongate, sub-equilateral, gaping 
at the ends, anterior side rounded^ posterior side more or less 
truncate and angular. Surface smooth or with striaj. Ligament 
external, thick, joined to prominent ridges. Usually two cardinal 
teeth in each valve, some being bifid. Adductor impressions near 
the dorsal border. Pallial sinus very deep. Eocene (perhaps 
Cretaceous) to present dapr. Ex. 1\ ferroensiSf Coralline Crag to 
present day. 

Solen. Shell very long, sub-cylindrical, straight, smooth or 
finely striated, the dorsal and ventral margins parallel ; gaping at 
both extremities. Margins of valves smooth. Umbones at the 
anterior end. Hinge terminal, with one cardinal tooth in each valve. 
Ligament long, external. Anterior adductor impression elongated, 
parallel to the dorsal margin. Pallial sinus short. Eocene (perhaps 
earlier) to present day. Ex. S. ohliqxius^ Bracklesham Beds ; S, 
vagina^ Recent. 

Mactra. Shell oval or trigonal, nearly equilateral, smooth or 
with concentric striae. Internal ligament in a large triangular pit. 
External ligament in a groove. In front of the internal ligament- 
pit is a bifid cardinal tooth (in the form of an inverted V) ; anterior 
and posterior lateral teeth well-marked, compressed, double in the 
right valve, single in the left. Adductor impressions semicircular. 
Pallial sinus round or angular. Cretaceous to ])rescnt day. Ex. 
M. ovaliSy Red Crag to present day. ^ 

My a (tig. 91). Shell oblong, gaping at both ends, particularly 
at the posterior ; the loft valve a little sm^ler than the right. In 
the right vAlve a very small cardinal tooth ; in the left valve a laigc 
spoon-liko process to which the internal ligamenl is fixed. Anterior 
adductor impression elongated. Pallial sinus lar^ and rounded. 
Eocene to present day. Ex. M. tiimeatay Pliocene to present day. 

CorbUla. Shell oval, inequivalvtf, closed, rounded in front, 
somewhat angular and contracted behind, with a ridge passing from 

w. P. / * 15 
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the umho to the posterior angle. Surface generally with concentric 
' gloves. Umbonos prominent. Right valve larger and more convex 
than the left, and ^with a strong cardinal tooth in frdnt of the 
ligament-pit, and also a posterior cardinal tooth ; left valve with 
•a spoon -like process for the internal ligament, and one posterior 
cardinal tooth. Adductor impressions well marked. Pallial line 
slightly sinuous posteriorly. Trias to present day. Ex. (7. ficus^ 
Barton Beds ; C. sulcata^ Receit. 

Panopea. Shell equivifiVc, inequilateral, oblong, thick, con- 
centrically striated, gaping at each end, especially at the posterior. 
Ligament external, on a prominent ridge. One cardinal tooth in 
each valve. Pallial sinus very deep. Cretaceous to present day. 
Ex. P, faujasi, Coralline Crag to present (lay. 

Saxicava. Shell small, more or less oblong, gaping ; umbones 
anterior. Ligament external. Teeth absent in the adult, one or 
two cardinals present in the young. Pallial line not continuous, 
sinuous. Saa;icava bores into rocks, etc. Jurassic to present day. 
Ex. S. rtigosa, Coralline Crag to present day. 

Pholas. Shell elongate, cylindrical, gaping at both ends. 
Surface with spiny ridges, best marked in front. On the dorsal 
region are one or more calcareoas plates. No teeth; no ligament. 
In the interior, under the umbones, is a process for the insertion of 
the muscle of the foot. Pallial sinus very deep. Pholas bores into 
rocks, etc. Lia^ to present day. Ex. P, cylivdrica^ Red Crag ; 
P. dactylus^ Recent. 

Tiferedo. Shell more or less globular, gaping at the ends, 
valves tri-lobed, with concentric strim. In the interior, under the 
umbones, is a long narrow plate for the insertion of the ped^il muscle. 
Posterior imrt covered by a ‘long, calcareous tube, which is sub- 
cylindrical, straight or cArved, and often with partitions. Teredo 
perforates wood. Jurasgic to present day. Ex. P. norvegica, Coral- 

liiilB Crag to present day. * * 

« • 

6. Hingt desmodont. Ligament usually behind the 
umbones. Two dearly eqVal adductors. Pallial line 
usually with a sinus, bujt sometimes sinuous only. Valves 
generally somewhat unequal. 
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Pleuromya. Shell transversely elongated, anterior sidfe short, ^ 
posterior long and generally compressed, sometimes gaping ; sur^e 
with concentric folds. Hinge without teeth, Ifiit with a thin pro- 
jecting lamina at the margin. Ligament partly external. Adductor^ 
impressions faintly marked ; pallial sinus deep. Trias to Cre- 
taceous. Ex. P. donacina^ Corallian and Kimeridgian. 

Gresslya* Shell oval, elongate, very inequilateral, smooth or 
with concentric furrows ; anterior si(je high and inflated, posterior 
side narrowing and somewhat compressed. Umbones anterior, 
close together; lunulc sometimes well marked. Right valve a little 
higher and larger than the left. Adductor impressions shallow ; 
pallial sinus deep. Behinjl the umbo of the right valve is a tooth- 
like projection and an internal x>late — the latter ax)X)ears as a furrow 
in casts of the shell. Jurassic. Ex. G, gregaria^ G, abducta^ 

Inferior Oolite. 

• 

Ceromya. Shell heart-shax)cd, inflated, inequilateral, finely 
granular, with concentric grooves. Left valve not quite so convex 
as the right. Anterior side short, posterior longer and compressed. 
Umbones prominent, anterior, curved forward. Hinge thickened, 
with a ridge behind the umbones ; teeth absent. Pallial line 
sinuous, Jurassic. Ex. G, concmirka^ Inferior Oolite to Corn- 
brash. • 

Pholadomya. Shell thin, translucent, oblong or oval, 
ventricose, equivalve, gaining posteriorly and somciJimes anteriorly. 
Anterior side short and rounded. Surface with radiating ribs 
crossed by concentric strice. Umbones prominent. Ligamept ex- 
ternal. Hinge without teeth or with a small transverse tubercle. 
Adductor^ impressions very faint. Pallial sinus deep. Lias to 
pi-eseiit day. Ex. P, margaritacea, London Clay. 

Homoxnya. Similar to Pholadomga, Without radiaJ ribs ; 
surface smooth or ornamented with fipe gi^^nules. 'Trias to Creta- 
ceous, Ex.* H, gibbosa, Inferior and Great Oolite. • 

Goniomya., Similar to the last l^wo, but wit]^ Y-shaped ribs 
pointing ventrally. Lias to Cret^j^eous. Ex, G. lileratay Inferior 
Oolite to Corallian.* * 

Thracia. Shell thin, oblong, colnpressed, attenua^ and 
gaping posteriorly ; surface smooth or concentrically striated. Um- 

15-2 
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boues fumed a little to the posterior side. Right valve larger than 
thS left. External ligament shoi*t, pmuiiueiit. Hinge thickened 
behind the umbo fofming a stout process or ossicle in ea&i valve to 
^which the ligament is fixed. Adductor impressions small. Pallial 
sinus not deep. Trias to present day. Ex. T, puhescens^ Coralline 
Crag to present day. 

f 

7. Shell thill. Hiri^e either without teeth or with 
only imperfectly developed teeth, and without hinge- 
plate. Ligament external. Two nearly equal adductors. 
Pallial line simple. This group is a provisional one, and 
includes primitive Palaeozoic gerfera, the affinities of 
which have not yet been determined. 

Grammysia. Shell elongate-ovate, very inequilateral, orna- 
mented with concentric furrows, and one or more radial folds imssiug 
from the umbo to the postero- ventral border. Um bones placed 
anteriorly. Lunulo very deep. Hinge-margin thick, without teeth. 
Anterior adductor very small, i^ostcrior large. Pallial line simple. 
Silurian and Devonian. Ex. 6'. ciatjulaia^ Silurian ; (r. liamilton- 
ciisis, Devonian. 

u 

Cardiola. Shell thin, convex, oval, generally inequilateral ; 
umbones prominent, incurved. Suiface with well-marked radiating 
and concentric grooves. Hinge-line straight, prebably with very 
small teeth ; ligamenbil area large, horizontally grooved. Muscular 
impressions unknown. Silurian and Devonian. Ex. C, interruptUj 
Lower Ludlow, etc. 

Cardiomorpha. Shell thin, smooth or with concentric 
lines; sub-quadrate or rounded, inequilateral, very convex. Umbones 
l)rominent, curved forwards ; no lunule. Hinge toothless. Ex- 
t^nal ligament small. * Adductor impressions shallow pallial line 
simple. Principally Carboniferous. Ex. C, oblonga^ Carboniferous 
Limestone, i 

Edmondia. ^hell sub-q\iadrate or ovate, convex, inequi- 
lateral ; surface with conc^utric lines or ridges. Umbones anterior; 
no luimle, no escutcheon. Hinge toothless, with a thick ridge 
posterior to the umbones and separated from t^e edge of the valve 
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by a groove. Posterior to the hiuge is an internal, elongated Ossicle.’ 
External ligament small. Pallial litie simple. Devonian mxid* 
Carboniferous. Ex. E. iinioniformis^ Carbonif«rous Limestone. 

SangUinolites. Shell elongate, very inequilateral, witlj 
rounded ends, the posterior p«art usually higher than the anterior 
part ; surface with concentric ribs or lines. Umboncs near the 
anterior end, with a ridge passing tci the lower part of the posterior 
end ; lunule and escutcheon distinct. Anterior adductor impression 
large, deep, limited posteriorly by* a ridge ; posterior adductor 
shallow, near the hinge. Pallial line entire. Hinge toothless. 
Carboniferous. Ex. S. angustatns^ Carboniferous Ijimestono. 

Distribution of the Lamellibranchia 

.^11 the Lamellibranchs are aquatic animals, and by fixr 
the larger number are marine. 1'he marine forms range 
from the shore-line down to a depth of 2900 fathoms ; 
they are most abundant in shallow water, and are scarce 
at depths greater than 500 fiithoms, but the following, 
and a few other genera, have been found below 1500 
fathoms: — Nucula, N^iculana, Arctiy Limopsis, Malletia^ 
Verticordia, Giispidaria (= Necera), 

Two genera of Lamellibranchs have jDeen recorded 
from the Lower Cambrian of North America ; in England 
the earliest forms appear in the Tremadoc Beds. .They 
are rather rare in the Ordovician, but become fairly 
numerdhs in the Silurian, and^ afterwards gradually in- 
crease in importance, reaching their maximum at the 
present day. Many of the genera have a rs^ther e5ftended 
range in»time. 

In the* Palaeozoic formatifnis the* Taxodont and 
Dysodont groups, and primitive dimyariafi forms, with 
imperfectly developed* hinges, are important. In the 
Carboniferous period Carbonicolit and its allies and the 
Pectinidae are well represented ; only a very few forms with 
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a palKal sinus {e.g. Allorisma) are found. Before - the 
beginning of the Mesozoic period many of the ^ateozoic 
genera became ex'tinct, and in the Trias a number of new 
types appear. In the Mesozoic formations Dysodont, 
Isodont, Schizodont (Trigoniida^), and Desmodont genera 
are abundant, and the He^terodont forms slowly increase. 
The Cretaceous period is particularly distinguished by the 
abundance of InoceramnSy and by the presence of Hip- 
piiHtes, Badiolites and other allied genera. In the 
Tertiary period the Hetorodont group attains the greatest 
importance. ‘ 

Fresh water laincllibranchs are generally rare in 
the Palaiozoic and Mesozoic formations. Probably the 
earliest form is Archanodon Amnigenid) jukesi from 
the Old Red Sandstone. In the Coal Measures several 
species of Carbonicola, Anthracomya, and Naicidites occur. 
The living type Unio has been found in the Inferior Oolite 
of Yorkshire, and is fxirly common in the Piirbeckian and 
Wealden of the south of England,^ where it is associated 
with Cyrena. Freshwater lamellibranchs also occur in 
the Woolwich* Beds, the Oligocene deposits, and in the 
Pleistocene river-gravels. 

Tj[ie principal genera of Lamellibranchs found in the 
diflFerent systems are as follows : 

Cambrian. Ctenodonta, (jlyptarca. 

Ordovician. ^ Ctenodonta, CyrtodoiUa, Glyptarca^ Modiolopgis, 

c Silurian. Ctenodonta^ Cardiolay Pteriay Pterincay Amhonychia^ 
Modiolopdsy Qrammysia. • ' 

Devonian. KJte'njodontay CardMa^ Ptenneay AvicnlopecteUy Acti~ 
nopteriay Megalodoriy Conocardimn, ^ 

Carl^niferpus. Nuetday Parallelodoriy Posidonomyay Pinnay 
ConocardiUMy Leiopteriay subgenera of Pecteny Avictdopecten, 
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Ptennopect&Hy Schizodus, Protoachizodits^ Carhonicola Anthfacozm\ 
Anthracomya^ Edmondia^ SangmnoUtes^ Cardiomorpha, 

Permian. Bakevellia, Schizodus^ Pseudomonotis {Eumicrotia), 

Trias. Nmula^ Nnculawx^ Palmoneilo, Qervillia^ Iloernesia^ 
Pteria^ Alomtis^ Gassiandla^ Ilalohia^ Ostrea, Pecten (subgenera), 
Lima^ Myophoria^ Megalodon^ Card\um^ Palwocardita, 

Jurassic. Nucula^ Nxiculana^ Arca^ Gmmmatodon^ Myoconclwi^ 
Modiola^ Hippopodium^ Pteria^ Pmudomonotis^ Gewillia, Pemxt^ 
Pinna^ Ostrea^ Gryphcea^ Alectryonia^ Pecten (various subgenera of), 
Lirm^ Cardiniay Trigonia^ Diceraz, Oardiim, Unicardium^ Asiarte, 
OpiSj Pachyrisma, Pleunomya^ Ccromya^ Gresslya, PIiX)ladomya^ 
Homomya^ Gonioinya^ Thracia, 

Cretaceous. Nucida^ Arca^ Cacidlcm^ Modiola^ Myoconclia^ 
GerviUia^ InoceramuSy Perna, Pterkiy Amelia^ OztreHy Exogyra^ 
Alectryoniay Pectm (the subgcnera ChlamySy Syncyclonemay Neitheay 
etc.), Limay Spondylusy Plicatulay Unioy Trigoniay Hippuritesy 
liadioUteSy Sphdznditesy Cardmiiiy Protocardiay ThctironiUy Gyprinay 
Gyrenay GalUstay Pleuromyay Pholadomya, 

Eocene. Nuculay A rcay PectuncidnSy Pimuiy Pecten ( GhlamySy etc.), 
Ostreay Ghamay Gardiumy Venericardiay GarditUy AstartCy Grazsa- 
telliteSy Gyprinay Lucina^ Gyrenay Gorhiculay Meretrixy Psaminohiay 
Tellinay Gorhiday PanopceUy Pholadomya. 

Oligocene. MytiluSy Dreissensia, Ostreay dyrenay Gorhulay 
Erodona {=Pota'momya)y Lncinay MeretriXy VenuSy Psammohia. 

Pliocene. Nuetday PectunculuSy MytilnSy Pecteiiy GhlamySy GardiuiUy 
Gard^tay^AstartCy Gyprinuy Isocarduiy Lncinay Yenusy Dosinia{ = Ar- 
temis)y Tellinay J/ya, PholaSy Thraeicf. 


CLASS II. GASTEROPODA 

• 

Well-known examples of the Gasteropoefe are the; snail, 
the whelk, and the c!bwry/ The bilateral symmetry, so 
characueristic of the lamellibranchs, is generally to a large 
extent obliterated, owing to the twisting of the visceral 
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mass find the atrophy of some of the organs on one side of 
thfe body. There is a distinct head, which bes^rs one or 
two pairs of tentacles, and usually also eyes. On the 
'■ventral surface of the body is the foot; this is usually 
large and sole-like and used for crawling, but in the 
Heteropods it is in the for^n of a flattened fin, and in the 
Pteropods it is wing-like. The mantle is never divided 
into two lobes. Respiration takes place in some cases 
through the skin, but generally by means of a lung-cavity 
or by gills ; the latter are placed in a sac formed by the 
mantle ; sometimes they are preseiit on both sides of the 
body, but usually the original left gill has disappeared. In 
some forms the mantle, at the opening of the gill-sac, is 
produced into a tube, known as the siphon, by means of 
which water passes to the gills. The heart is on the 
dorsal surface, and consists of a ventricle and usually one, 
but in some cases two auricles. In many forms the gills 
are placed in front of the heart, but in others behind it. 
The mouth is at the anterior end pi the body ; the anus 
is occasionally posterior, but as a rule it is placed near the 
opening of the gill chamber. On the floor of the cavity of 
the mouth is a dental apparatus, known as the odontophore : 
this ^consists of a cartilaginous and muscular ridge on 
which rests a chitinons ribbon (the radula); the radula 
bears numerous teeth placed in rows, and ser<^es as a 
rasping organ. The arrangement of the teeth varies in 
differeht genjera and is of considerable importance in 
clf.ssification, but since the radula has never been 'definitely 
recognised in fossil forms, it can only be Used by the 
palflepntologi^j in the case of genera which have existing 
representatives. l?he nervoJis system consists of ganglia 
which are connected by nerve-cords. Typically there are 
three pairs of principal ganglia — the cerebral placed above 
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the oesophagus, and the pleural and pedal placed below it 
a viscer^ nerve-cord, which may bear ganglia, comes *oflf 
from the pleural ganglia, and forms a loop ventral to the 
intestine. In some gasteropoda (the Euthyneura) this 
loop is simple, but in others (the Streptoneura) one side 
is bent over so that the loop forms a figure of 8. Some 
gasteropods are unisexual, others hermaphrodite. 

In the majority of the gasteropods a shell is secreted 
by the mantle ; in a few forms, as for instance the slugs, it 
is internal, but usually it is external and covers the visceral 
mass. The shell, except in Chiton and its allies, consists 
of a single piece, and is hence said to be univalve. In the 
limpet {Patella) it has the form of a hollow cone ; but in 
most cases it consists of a long tube, open at one end, and 
tapering to a point at the other. This tube is coiled into a 
spiral, generally screw-like, each coil being termed a xvhorl ; 
in a few genera {e.g, Vermetus, Siliquaria) the whorls are 
separated, but as a rule they are in contact (fig. 98), the 
line between two configuous whorls being known as the 
suture {su). All the whorls, except the last, together form 
the spire {S) of the shell, the point of which is termed 
the apex (a). The last whorl is nearly always larger — 
frequently much larger — than the one preceding, aijd the 
part of it farthest from the apex is called the base of the 
shell. The spire varies in form in different genera and 
species ; sometimes it is composed. of a large number of 
whorls, sometimes of few,* and it may be long, short, or 
depressed ; occasionally all the Vhcfrls are in one plajie. 
The angle of the spire {spiral* angle) consequently varies ; 
this is measured by lines drawn from the affex to thg base 
of the shell on opposite side# of the ex*terior of the whorls. 
The coiling of the shell is usually dextral ; so that when the 
apex of the shell is pointed away from the observer (as in 
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fig. 9S) the aperture will be on the right-hand side ; in a 
feV cases it is sinistral, when the aperture will {)e on the 
left.. 

* Frequently the inner parts of the whorls coalesce, and 
form an axial pillar extending from the apex to the base of 
the shell (fig. 98) and knowi? as the columella. In other cases 



Fig. 98. Longitudinal section of THtonium*' corruyatum, The upper 
part of the spire has been«^partitioned off many times sucoessively. 
rt, apex; «u, suture;* 5, spire; L, outer lip of the aperture; 
ac,* anterior canal; pc, posterior canal. (From Woodward.) 

the inner parts do not fus^j, and in the place of the columella 
there is left gf tube-like space, extending from the base of 
the shell a greater 'or less distance* towards the apex; this 
space, which opens at the base of the shell, is called the 
umbili6us. When there is a columella the shell is often 
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said to be imp^forate, when instead there is an umbilicus 
it is perforate. The opening of the umbilicus sometirSes 
becomes partly filled up with a shelly growth, known as 
callus. The animal is attached to the columella by means* 
of a muscle, the contraction of which enables it to withdraw 
completely into the shell ; but, when not retracted, the 
coiled visceral mass only is covered by the shell. 

Usually the cavity of the gaslieropod shell is continuous 
from the apex to the aperture, but in a few cases partitions 
are thrown across the earlier parts of the shell (fig. 98), 
forming chambers which remain empty. The form of the 
aperture varies considerably in different genera and is of 
great ^ importance in classification; in shape, it may be 
circular, oval, elongate, oblong, etc. Its margin is termed 
the peristome : the outer part forms the outer Up (L), the 
inner part (that next the columella) the inner lij^. As 
the gasteropod crawls along, the shell is carried on the 
dorsal surface of its body with the apex directed backward 
and upward, and the ^aperture downward ; consequently 
the part of the aperture farthest from the apex is anterior, 
the opposite (nearest the apex) is posteHor* Sometimes, 
as in Natica, there is no break in the peristome, and it is 
then said to be entire or holostomatous ; in other casgs the 
anterior border is notched or produced into a tube (ac) in 
which the incurrent siphon is placed, and these forms are 
said to be siphonostomatous ; sometimes there is also at the 
posterior border another canal (pc), in which the exCurrent 
or anal siphon is placed. The dutef lip may be thin ajid 
sharp, or thickened. Sometimes it is curved outwards, and 
is then said to be reflected) or it is curved inw^ds — inflected. 
Its margin may be even, oi^crenulate*d, or produced into 
processes. • 

Many genera have a calcareous or horny platej known 
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as the operculum, attached to the doraal part of the posterior 
eiid of the foot ; this is so arranged that when the animal 
withdraws into iVs shell the operculum more or^less com- 
• pletely closes the aperture. It has been considered by some 
as a second valve, but more probably represents the byssus 
of the lainellibranch. The operculum is seldom preserved 
fossil ; its form varies considerably in different genera, in 
some {Turbo) it is of ver/ large size with the inner surface 
flattened and the 'outer convex; it may have a spiral 
structure, and is then sometimes formed of a large number 
of whorls (multispir^al) as in Trochus, or of a few whorls 
(paucispiral) as in Littorina. When not spiral it may be 
concentnc, if growth takes place equally all round ; it is 
then marked with concentric lines, the nucleus * being 
nearly central, as in VivqMriis; or it maybe unguicidate 
or ckm-shaped when the nucleus is at the apex as in 
Fiisus. 

The form of the shell in the spiral gasteropods varies 
considerably, depending on the arrangement of the whorls 
in one plane or in a helicoid spiml, on the spiral angle, on 
the number ajid shape of the whorls, on the size of the last 
whorl and whether it conceals the earlier whorls or not. 
The chief types are the following: — 

1. Discoidal ; the whorls all in one plane, as in 

Planorbis, . * 

2. Conical or trochiform ; conical with a flat base, as 
in Troclius. • 

A • ^ 

• 3. Turlnnaifi; conic£^l with a convex base, as in 
Turbo. , • . * 

4. Turreted or elongaio^; as jn Turritella. 

6. Fusiform; tapering to each end, as in Fusus. 

6. * Cylindrical ; as in Pupa. 
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7. Olobular ; as in Natica. * 

8. Qpnvolute ; when the last whorl covers all fhe 

others and the aperture is conseciucntly as long as the 
shell, as in Gyprwa, • 

9. AuHform; aperture very large and spire very 

short, as in Haliotis, • 

The surface of the shell is frequently ornamented with 
spines, knobs, ribs, or striae; these are said to be spiral 
when they run parallel with the sutures, and transverse 
when they run across^ the whorls from suture to suture. 
In some genera (e.g, Murex) rows oi spines, or lamellar 
processes, extend across all the whorls from the apex to the 
base of the shell, forming what arc termed varices. The 
surface of the shell in recent gasteropods is generally 
coloured, often variegated ; in fossil examples the colour 
has nearly always disappeared, but a few specimens, from 
various formations, even as early as the Carboniferous, 
have been found showing the colour more or less perfectly 
preserved. The shell consists of an outer chitinous layer, 
and of a calcareous layer which is thick and porcellanous ; 
in some cases there is also an inner nacreous or peai’ly 
layer. 

The Gasteropoda are divided into two sub-clas5es: — 
(1) Isopleura, (2) Adisoplcura. 

» 

SUB-CLASS I. ISO^LEURA 

The Isopleura, or PolyplsicofthoA., include ChiUm and 
its allies, The body is bilatefaljy symriletrical and more 
or less elongated, with the anus at the posterior end. 
There are numerous ("d to *80) pairs* of gills, which are 
placed in a groove between the fiwt and the mantle. A 
nerve-ring surrounds the oesophagus, and fronP it two 
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nerveb come off on each side and extend to the posterior 
' end of the body ; ganglia are poorly or not at all developed. 
The shell consists of eight plates placed in a longitudinal 
(irow on the dorsal surface of the body ; each plate usually 
overlaps the one behind it, and a flexible band or girdle 
encircles the whole series of plates. 

All the forms in this group are marine ; they live chiefly 
in quite shallow water, but a few examples have been 
found at great depths. Although of great antiquity and 
represented by a large number of living species, the 
Isopleura are rarely found fossil.'* The earliest forms 
(Priscochiton) occur in the Ordovician ; Hehninthochiton is 
found in the Silurian ; Gryphochiton in the Carboniferous ; 
Lepidopleur^aSj Chiton, and others in the Tertiary. 

SUB-GLA88 11. ANISOPLEUllA 

The body is asymmetrical, owing to the twisting of the 
visceral mass. There are not more than two gills. The 
shell consists of one piece and is usually spiral. There 
are two orders, (1) Streptoneura, (2) Euthyneura. 

ORDER 1. STREPTONEURA 

< 

In the Streptoneura (or Prosobranchia) the visceral 
nerve-cord is twisted into a figure of 8. Usually one gill 
only is present, and it* is placed in front of the heart. An 
operculum is found in most cases. 

^ Patella. ‘ Sheil conical, oval or sub-circular ; apex sub-central 
or excentric, nearer the anterior bolder, often curved forwards ; sur- 
face with radiating ri^s or striso, rarely smooth. Margin simple or 
spinose. Muscular impression horse-shoe shaphd, open in front. 
Jurassic (perhaps Palseozoior also) to present day. Ex. P. vvlgata^ 
PlioceneTio present day. 
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Pleurotomaria. Shell trocliiform, conical, turbinate, or 
nearly discoidal ; interior nacreous. Umbilicus present or abse.’^t. 
Aperture sjib-quadrate or oval, outer lip sharji with a slit which, 
as ther* shell grows, becomes filled uj), leaving a band on the whorls, 
towards which the lines of growth are directed obliquely backwards. ’ 
Operculum horny. Ordovician to present day ; common in J urassic. 
Ex. P. anglica^ Lias ; P. ornata^ Inferior Oolite. 


Murchisonia. Shell turreted, with many, more or less 
angular whorls, provided with a band jw* in Pleurotomaria, Aperture 
oblong, with a slit, and a very short anterior canal. Ordovician to 
Trias ; mainly Devonian and Carboniferous. Ex. M. verneuiliana^ 
Carboniferous Limestone. , 


Bellerophon (fig. 99). Shell globular, usually wdth a narrow 
umbilicus on each side ; whorls few, 
embracing, symmetrically coiled in one 
plane. Apertui’c sub-circular or oval, 
with a deep median slit, which is re- 
placed by a band or keel dividing the 
shell into two similar parts ; columellar 
edge often with cfillus. Ordovician to 
Permian ; maximum in Carboniferous, pig. yg, Bellerophon, from 
Ex. B, tenuifasda, Carboniferous Lime- the Carboniferous Lime- 

stone, showing the slit in 

* the aperture. x -|. 



Emarginula. Shell conical, sur- ' 

face generally ornamented with a trellis-work of longitudinal and 
transverse ribs ; apex not iwrforated, curved posteriorly. Anjerior 
border with a well-marked slit, which becomes filled up during 
growth, leaving a raised band. Muscular impression horse-shoe 
shaped ; no internal septum. Jurassift (perhaps Carboniferous) to 
present day. Ex. E, fissura, Coralline Cihg to present day. 


Fissurplla. Shell similar to Emargdnula, but more or less 
depressed;, apex perforated and ijearer the <intei*ior than th*e 
posterior border no marginal slit. Muscular imj)ression as in 
Patdla, Fissurella is divided into several sub-geuera ; many of 
the fossil species belong to* the s^-genus Fiimridea, Jurassic to 
present day. Ex. F, cr<may Recent ; F^ grceca^ Uoralline Crag to 
present day. 
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ESnomphalus. Shell depressed, discoidal or conical, with 
a (Wide and large umbilicus ; whorls convex with a ridge on the 
upper surface. Aperture polygonal ; outer lip with a cslit on its 
upper surface. Silurian to Trias; maximum in Carboniferous. 
Ex. Ei pentangulatusy Carboniferous Limestone. 

Omphalotrochus {^Horiostoma of some authors). Form 
similar to Euomphcdm, Who^’ls ornamented with spiral keels and 
numerous transverse striaj or fine ribs. Aperture without a slit. 
Ordovician to Carboniferous.’ Ex. 0. discus^ Silurian. 

Turbo. Shell solid, turbinate or conical, whorls convex, in- 
terior nacreous. Aperture large, circular, entire, slightly produced 
anteriorly ; outer lip sharp. Columell-i curved, flattened. Im- 
perforate, or with a small umbilicus. Operculum thick, calcareous, 
exterior convex, interior flat and spiral, nucleus central or sub- 
central. Jurassic (perhaps also Palaeozoic) to present day. Ex. T, 
viurmoratusy Recent. There arc numerous sub-genera. 

Phasianella. Shell elongated, oval or oblong, smooth, polished, 
without an umbilicus, interior not nacreous. Aperture oval, entire, 
rounded anteriorly, angular posteriorly; outer lip thin, simiflc, 
sharp. Columella smooth, flattened. Operculum calcareous, with 
an excentric nucleus. Upper Cretiiceous (or earlier) to present day. 
Ex. P. austmlisy Recent ; P, gosauica^ Upper Cretaceous. 

Amberleya. Shell turbinate, elongate, without umbilicus. 
Whorls ornainentcd with several spiral keels which are usually 
spiny or nodular ; between the keels are numerous transverse striae 
or fiije ribs. Base rounded. Aperture sub-oval ; outer lip often 
crenulatcd. Trias to Cretaceous (chiefly Jurassic). Ex. A. omata, 
Inferior Oolite. 

Cirrus. Shell siiiistral, conical or turbinate, or sometimes 
nearly ^iscoidal, with a very large umbilicus. Spire acute. Whorls 
irregular, ornamented w’th strong transverse nodular ribs and finer 
spiral ribs ; last whorl large. Aperture rounded, entire. Trias to 
Inferior Oolite. Ex. C, nodosics, Inferior Oolite. 

TrochUS^ Shell conical, whorls numerous and flat or slightly 
convex, spire sharp, interior nacrifous; base flat or nearly so, angular 
at the periphery.' Aperture entire, rhomboidal ; outer lip sharp, 
oblique;' Columella twisted, with a prominent anterior tooth-like 
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protuberance or a fold. Operculum horny, multiepiral, liucleus 
central. Trias to present day. Ex. T, niloticus^ Recent. Thr^re 
are numerms sub-genera. ^ 

Neiita. Shell thick, solid, ovoid or semi-globoso, without an^ 
umbilicus ; interior not nacreous. Spire very short. Surface smooth 
or with spiral ribs. Aperture semicircular, entire ; outer lip thick, 
the interior generally denticulate ; inner lip flattened, with callus, 
and a straight denticulate border. Operculum calcareous, nucleus 
excentric. Cretaceous to present dity. Ex. iV. xistulata, Recent ; 
N. glohosa^ London Clay and Bracklesham Jieds. 

Neritina. Form similar to Nerita, Shell relatively thin, 
usually smooth and with^ colour marking. Outer lip sharp, not 
thickened, with interior not denticulate ; inner lip flattened, with 
sharp or finely denticulate border. Eocene (perhaps earlier) to 
present day. Lives in brackish or fresh water. Ex. N, aperta^ 
Headon Beds ; iV. zehra^ Recent. 

Macrochilina { = Macrocheilud). Shell elongate-oval, with 
sharp spire, and last whorl high. Surfiice smooth or with growth- 
line. No umbilicus. Aperture ovate, angular behind, sometimes 
with a shallow anterior canal ; outer lij) thin, inner lip with a weak 
anterior fold. Silurian to Trias. Ex. J/. arculata^ Devonian. 

liOXOnema. Shell t^irreted, spire very long ; whorls convex, 
ornamented with sinuous growth-lines ; sutures deep. No umbilicus. 
Aperture long, enlarging in front, with shallow c?.nal ; outer lip 
sharp, sinuous. Silurian to Trias (chiefly Carboniferous). Ex. 
L. comtrictum^ Carboniferous. 

Pseudomelania. Shell elongate, with many nearly flat 
whorls, without umbilicus, spire long, surface smooth or with 
growth-lilies. Aperture oval, entire,, rounded in front, narrowed 
and angular behind ; outer lip sharp. Columella smooth. Trias 
to Eocene ; common in Jurassic. Ex. P. heddingtonensis^ CCTallian 
Scala,(==^caWia). Shell turreted, ^spire elongate; who^s 
numerous, ve^ convex, sometimes* separated,* ornamented with 
strong transverse .ribs or sometimes wfth lamellce, frequently with 
spiral ribs also. Umbilicus more or less distinct. Aiterturc cirtular, 
entire, margin thickened. Opercillum horny, paucispiral. Trias to 
present day. Ex. S, accdaria^ Recent ; Si groenlandica^ Red Crag to 
present day. ** 

w. P. 


16 
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Solarimn. Shell couicjiil, depi*ossed, angular at the periphery. 

* Aifcrturc entire, sub-quadrate ; lip sharp. Umbilicus wide and 
deep, limited by a skirp edge which is generally crenulalfed. O^Kjr- 
culura homy, spiral. Jurassic to present day. Ex. S, pei'spectivum^ 
Recent ; S. canalkulatum^ Rarton and Bracklesham Beds. 

Purpuroidea. Shell thick, oval, spire rather short, last whorl 
inflated. Whorls step-like, flattened below the suture, with tubercles 
or spines at the angles. Aperture with a small notch anteriorly ; 
outer lip thin. Inferior OAlitc to Upper Cretaceous. Ex. P. 
nodulata^ Great Oolite. 

Littorina. Shell thick, without a nacreous layer, turbinate, 
with few whorls, without umbilicus. Aperture rounded, angular 
behind, outer lip sharp. Columella flattened. Operculum horny, 
paucispiral. Lias to present day. Ex. L. littorea^ Red Crag to 
present day. 

Capulus. Shell conical, with apex bent considerably backward 
and more or less spirally inrolled. Aperture rounded or irregular. 
Muscular impression horse-shoe shaped. Lower Palrcozoic to present 
day. Ex. C. Iiumjanm.% Coralline Crag to present day. 

Platyceras. Allied to Capulus ; apical part usually more ex- 
tensively coiled, dextral. Surface smooth, or with concentric striao, or 
radial folds or spines. Cambri.an to Trias.^ Ex. P. cornutim^ Silurian. 

Calyptraea. Shell thin, conical, trochiform, spiral, apex 
central ; interi<^n’ with a spiral plate under the apex and attached 
at the periphery. Aperture nearly circular. Cretaceous to present 
day. Ex. C, chinensis^ Coralline Crag to present day. 

l^^tica. Shell oval, globular, generally smooth, spire short, 
la.st w-horl very large. Aperture semi-lunar or oval, entire ; outer lip 
sharp, inner lip thickened with callus, not crenulate. Umbilicus 
usually present, often fi^ed with callus. Operculum of the same 
size as a[>crture, horny or calcareoiw, paiicis2)iral, nucleus excentric. 
Trias to j^resent day. fix. N. canrena^ Recent ; N, millepunctata, 
Cbralline Crag to pre.sent day. , There are numerous sub-genera. 

Xenophqra {^Phorus), Shell conical, low,^ with flattened or 
conca »’e base ; periphery of last whorl sharp. Aperture large, oblique, 
lower part concave, outer lip shar|)rand oblique. Umbilicus generally 
small. Whorls flattened, oovered with agglutinated foreign bodies. 
Cretace&us to present day. Ex. X, agglutinam^ Barton Beds. 
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ViviparUB (.^^Pahidina). Shell thin, turbinate, with a tl^ck « 
l^riostracum ; whorls convex, smooth or with faint ribs. Umbilicus 
small or albsent. Ai)crtui’e entire, oval, sliglitly angular behind. 
Operculum horny with concentric striso, and excentric nucleus.* 
Inferior Oolite to present day. Lives in fresh water. Ex. F. lentus^ 
Bembridge Beds. 

Turritella. Shell without umbilicus, turreted, with many 
flat or slightly convex whorls, ornajpented with spiral ribs and 
with striso of growth ; spire very long and acute. Aperture oval 
or sub-quadrate, entire, outer lip thin, slightly produced in front. 
Operculum horny. Trias to present day. Ex. T. communis, 
Pliocene to present day ; #71 imhHcataria, Barton and Bracklcsham 
Beds. 


Melania. Shell with dark periostracura, elongate, turreted, 
with many whorls, without umbilicus, 
apex sharp but usually corroded. Sim- 
face smooth, or ornamented with spiral 
striae, or transverse ribs, or spines. 

Aperture entire, narrow behind, rounded 
in front ; outer lip sharp, slightly sinu- 
ous behind. Columella smooth. Oper- 
culum homy, oval, sub-spii«il. Wealden 
to present day. Lives in fresh water. 

Ex. M, amarula, Recent; M, acuta, 

Bembridge Beds. 

Nerinea (fig. lOO). Shell elongate, 
usually without an umbilicus, whorls 
numerous.. Aperture sub-quadrangular, 
oval, or elongate, with a short anterior 
canal ; outer lip thin, with a posterior 
slit near the suture, which becomes 
filled, leaving a continuous band. Colu- 
mella and alfiK) the interior of tTie, 
whorls furnished ^ith folds which am 
continuous to the apex. luferor ^lite 
to Upper Cretaceous. Ex. N, cingenda, 

Inferior Oolite. 

Ceiithium. Sjjiell without an urn- 


Fig. 100. \feHnea tr&cJiea, 
•partly sliced to show 
the^ form of the in- 
terior. Great Oolite. 
(FromWoodwftrd.) x f . 


16—2 
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, bilicus/turretcd, without poriostracum. Whorls numerous, narrow, 
the last whorl always much shorter than the spire. Aperture 
oblong or semi-oval, \Vith a short posterior canal and a w^ll-marked 
^•ecurved anterior canal ; outer lip more or less thickened and often 
somewhat reflected ; columellar edge concave. Operculum horny, 
oval, paucispiral, with submarginal nucleus. Jurassic to present 
day. Ex. C. adansonij Recent-; C. mutabile, Barton and Brackle- 
sham Beds. Tlierc arc several sub-genera. Cerithium in the 
restricted sense includes forAis in which there is a strong ridge 
on the posterior part of the inner lip forming the inner boundary 
of the posterior canal, the outer lip is expanded in front, and the 
whorls are provided with varices. Ex. C,^nodulo8um^ Recent. 

Potamides. Form similar to Cerithium. Shell with a brown 
or blackish periostracum. Aperture rounded or sub-quadrangular ; 
cither with a fold in front or a very short and not rqcurved 
anterior canal ; outer lip rather thin. Operculum circular, multi- 
spiral, with central nucleus. Lives in brackish water. Cretaceous 
to present day. Ex. P. Woolwich Beds ; P. lamarckiy 

Oligoccne. 

Aporrhais. Shell fusiform, without umbilicus, whorls nume- 
rous, spire elongate. Aperture produced into a straight or curved 
anterior canal. Outer lip expanded, thick with an anterior sinuosity, 
lobed or digitate, one of the processes being attached to a part of 
the si)ire. Operculum small. Jurassic to present day. Ex. A. pes- 
'pelican^ Coralline Crag to present day. 

Djcroloma { — Alaria). Similar to Apondiais, but without a 
' process from the outer lip attached to the spire, and without 
anterior sinuosity. Jurassic and Cretaeeous. Ex. D. arnvata. 
Great Oolite. « 

StrombUS. Shelf ovoid, vcntricose, tuberculate or spiny, 
without umbilicus. Spire with several whorls. Last whorl veiy 
large. Aperture long, * narrow, with a short anterior channel; 
canaliculate posteriorly ; oqtef lip expanded, wing-like, thick, often 
lobed behind, Tith a sinus near the anterior margin. Operculum 
smalt, homy, claw-shaped, with ^errated edge. Eocene to present 
day. Ex. >8^. pugiUs^ Recent. * 

Roetellaria. Sheir fusiform, spire elongated, composed of 
many whorls, which are smooth or faintly ribb^. Aperture oblong, 



MOLLUSCA. GASTEROPODA 


245 


with a long straight or slightly cui*ved anterior canal, ^ and a 
posterior canal applied to the spire ; outer lip expanded, ^ith# 
tooth-like I processes, and an anterior notch^ Oi)erculuni small, 
oval or claw-shaped, edge not serrated. Eocene to present day. 
Ex. R, curta^ Recent ; R, Ixicida^ London Clay, etc. • 

HippOChrenes. Similar to Rostellaria^ but outer lip wing- 
like and without processes. Upi)e?| Cretaceous and Eocene. Ex. 
IL amplusy 13ai*ton Beds. 

Rimella. Similar to Rostcllaria, but with caiicellato orna- 
mentation ; outer lip but little expanded and reflected outwards ; 
canal reaching nearly to the ajKJx of the spire. Eocene to present 
day. Ex. R, rimosa, BarV)n Beds. 

CyprSBa. Shell ovoid or elongate, convex, convolute, surflice 
covered with shining enamel. Spire almost or quite concealed by 
the last whorl. Aperture oblong and narrow, as long as the shell, 
with a short canal at each end ; outer lip iilflected and crcnulated ; 
inner lip crcnulated. In the young form the outer lip is thin and 
the spire prominent. Eocene to present day. Ex. (7. mappa^ 
Recent ; C. ovifonnis^ London Clay. Trivia is similar but smaller 
and with transverse ribs. Eocene to present day. Ex. T. europeva, 
Recent. 

Tritonium (fig. 98;R Shell thick, oval or fusiform. Spire 
elongate, with varices which are continued over a few whorls only. 
Aperture with a posterior notch, and a slightly ’curved anterior 
canal ; outer lip thick, creuulatc internally ; inner lip with callus 
and usually with folds. Cretaceous to present day. Ex. varie- 
gatum^ Recent j T, nodulosum^ Barton and Bracklcsham Beds. 

Buc^inum. Shell oval or elongate, without an umbilicus. 
Spire of moderate length. Whorls veijtricose, smooth or with 
longitudinal folds. Aperture oval, large ; outer lij) sim 2 )le, thin ; 
anterior canal short, truncated, a littje r^ected ; columella a little 
sinuous, bperculum small, oval qj* circular.^ Eocene to present 
day. Ex. B, V,iidatum^ Coralline Crag» to present day. 

Nassa. Shell solid, ovate, elongate wit&out umi»ilicus, 
usually ornamented. Aljertur# oval, witli a very short re- 
flected anterior canal ; inner lip with, callus, reflected on to the 
last whorl, with a ridge near the posterior end ; outer ^p thick, 
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creiiulajbe internally. Columella truncated, provided with an oblique 
•folcj. in front* Upper Cretaceous to present day. Ex. N» mutahilisy 
Pliocene and living. ^ ^ 

Chrysodomus {^iNeptunea), Shell solid, fusiform, spire 
more or less elongate, .sometimes sinistral. Aperture oval ; outer 
lip simple ; inner lip smooth ; anterior canal .short, slightly twisted. 
Oj^KJi’culum horny, uiiguiculat^. Eocene to present day. Ex. (7. 
antiqum, Ked Crag to present day. 

Purpura. Shell tuberciilate, striated or lamellar, without 
varices. Spire rather short, last whorl large ; no umbilicus. Aper- 
ture oval, large, with cither an anterior notch or a short oblique 
anterior canal, and a posterior notch or groove. Columella flattened, 
with callus. Operculum lamellar, nucleus marginal. Miocene to 
present day. Ex. P. persica, Recent ; P. lapillm^ Red Crag to 
present day. 

Murex. Shell thick, oval or elongate, spire prominent and 
.sharp ; whorls convex, each wirrying three or more varices, which 
may be spiny, foliaceous, or tubercular. Ai)orturc ovate ; anterior 
canal more or less long, narrow and tubular, often nearly closed ; 
no posterior canal ; outer lip thick, inner lip smooth. Operculum 
oval, nucleus sub-apical. Upper Cretaceous to present day. Ex. 
J/. bmndaris^ Recent ; M, frondosus, Ikjvton Beds. 

Typhis. Similar to Mure.v ; small, with hollow spines ; 
anterior canal sliiort and completely clo.sed. Ui)i)er Cretaceous to 
l^resent day. Ex. 7\ punqens, Barton Beds. 

FUSUS. Shell without umbilicus, narrow, fu.siform, elongate ; 
spire sharp, with many whorls. Aperture oval ; outer lip simple, 
thin, interior often striated. A long, straight, narrow autefior canal, 
not closed. Columella .smooth, without folds. Operculum oval. 
Cretc'icegus to present day. Ex. F. coins, Recent ; F. pometus, 
Barton Beds. , 

Clavella.* Shell thick, usually large, fusiform, nearly smooth 
(except the earlier whorls). * Whorls often with i)osterior cariiia 
near the suture! Ai^erture i^yriform, channelled posteriorly, w'ith 
a long straight anterior canal outer * lip thiokened posteriorly. 
Last whorl contracting rapidly in front. Eocene to x)t‘csent day. 
Ex. C, l6hg€8va, Barton Beds. 
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Mitra. Shell fusiform, thick. Spire elevated, summit acute. 
Ai)erture narrow, elongate, notched in front. Columella ^ith» 
several o^ique folds, of which the posterior arc the stronger ; 
outer lip not reflected, thickened, but not grooved internally. No 
oi)erculum. Eocene to present day. Ex. M. episoopalis^ Recent t 
M, {Mitreola) lahratula^ Bracklesham Beds. 

Voluta. Shell thick, ovate, \yith short spire and turbinate 
protoconch. Last whorl very lai’ge ; on the posterior part are 
nodules or spines which are continued anteriorly as transverse 
(or axial) ribs. AiJerturc elongate, with ati angular channel at 
the posterior end ; broad, and deeply notched at the anterior end ; 
outer lip thick ; inner lip with thin callits. Columella with several 
transverse, only slightly *oblique folds, of which the four or five 
anterior are strong and nearly equal, and the posterior two or three 
are smaller. Eocene to present day. Ex. T. musica, Recent ; 
V. mtsicalisy Eocene. 

Volutospina. Shell fusiform, with rather short, conical 
spire ] protoconch small, with sharp apex. Last whorl very large, 
tapering anteriorly. Whorls step-like, owing to the posterior part 
being flattened or concave ; at the angle of the whorls is a row 
of spines (usually prominent) which arc prolonged anteriorly as 
transverse (or axial) ribs ; the latter are usually crossed by spiral 
ridges. Aperture elongailb ; at the posterior end one channel at 
the suture, another at the level of the row of si)ines ; anteriorly 
the aperture is truncated and slightly notched. Outer lip usually 
thin ; inner lip with thin callus. Cohunella with four or five very 
oblique folds, of which the anterior fii*e stronger than the posterior. 
Upper Cretaceous to present day. Ex. 1'. spinosa, Eocene ; I'l 
luctatrixp Barton Beds! 

Ancilla. { = Ancillaria). Shell ^smooth, oval or oblong; last 
whorl large ; sutures usually covered by callus. Aperture plongatc, 
broadening anteriorly, with a small notch ncixr the suture, and 
a deep sinuosity at the anterior end whi^ is truncated ; columella 
with callus jibsteriorly, twisted, anS with folds anteriorly. Ci*eta- 
ceous to present day. JEx. A. buccinoides^ Bracklesham, Barton, and 
Ileadon Beds ; A.^cinnaimnea^ !^cent. • 

Pleurotoma. Shell tuiTeted, fu|>iform, spire long and sharp, 
last whorl long. Aperture oval, elongate ; outer lip curved, with 
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a dcep^lit near the suture ; inner lip smooth. Anterior canal long, 
•straight, naiTow. Operculum homy, ovate, acute, nucleus apical. 
Upper Cretaceous ta present day. Ex. P. hahyhnia^ Recent ; P. 

undata^ Bracklesham Beds. 

# 

Conus. Shell conical, generally smooth, the last whorl 
enveloping the greater part of the preceding whorls. Spiro short, 
flattened or conical, with mafiy whorls. Aperture long, narrow, 
straight, with parallel or sub-parallel borders, ending anteriorly 
in a truncated canal ; outer* lip thin, simide, no folds or teeth, 
notched at the sutui’e. Columella straight, smooth. Operculum 
horny, much smaller than the aperture. Upper Cretaceous to 
pi-csent day. Ex. C. marmorcus^ Recent,; C. deperditus^ Brackle^ 
sham Beds. There are numerous sub-genera. 

The Heteropoda are a group of the Streptoneura which 
have become modified for a pelagic mode of life. The 
foot is laterally compressed so as to form a vertical fin. A 
shell may be absent, but, when present, it is always thin 
and light. Only a very few forms have been found fossil. 

ORDER II. EUTHYNEURA 

The visceral nerve-cord forms (except in a few genera, 
e,g. Actceon) d simple, untwisted loop. One gill only is 
present. An operculum is generally absent. There are 
two sub-orders, (1) Opisthobranchia, (2) Pulmonata. 

SUB-ORDER I. OPISTHOBRANCHIA 

< « 

The gill is placed behind the heart; there is one 
auricle only, which |s behind the ventricle. All the 
Ojfisthobranchia s^re marin^.; they are divided into two 
groups:— , * . * 

(ly the A^udibranchia, ii^, which there is no mantle, 
and no shell in the adult. No examples of this division 
have be6’n found fossil. 
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(2) the Tectibranchia, which usually possess a Mantle, 
a shell, and a true gill. The following genera are examples^ 
of the Tdbtibranchia. ^ 

ActOBOn. Shell oval, ornamentc(| with spiral pitted stride* 
or grooves ; spire prominent, conical, sharp. Aperture elongate, 
rounded in front ; outer lip sharpy columella with one strong, 
slightly oblique fold at the anterior end. Cretaceous to present day. 
Ex. A. tornatilis, Coralline Crag to pitescnt day. 

Avellana. Shell globular, ornamented with spiral striae or 
grooves; spire very short. Aperture semi lunar, curved, entire; 
outer lip much thickened, reflected externally, dentate internally. 
Inner lip thickened, with two or three prominent folds. Cretaceous. 
Ex. A, incrassata^ Upper Greensand. 

Bulla. Shell solid, smooth, sub-globular or ovoid, convolute. 
Spire concave. Aperture as long as the last whorl, rounded at both 
ends, widest in front ; outer lip sharp. Inner lip with callus. 
Cretaceous to present day. Ex. B. ampulla^ Recent ; B, globulus, 
London Clay and Bracklesliam Beds. 

The Pfeeropods are pelagic gasteropods in which the 
foot is represented by* two lateral wing-like fins, and the 
head is not well marked ; a shell may or, may not be 
present. Pteropods occur in large numbers near the 
surface in the open ocean ; and their shells, which are thin 
and transparent, form a considerable part of the 'pteropod 
ooze * — ene of the deep-sea deposits found in the warmer 
p5rts of the Atlantic Ocean. * 

By some writers the Pteropods have been regarded as 
a distinct^ Class of the Mollusca ;• by#others as an Order of 
the Gasteropoda. Recent work, howevel, has shown that 
they agree veTy closely with the Opisth^^branchia, and 
that they should be regarded as specialised memlSers of 
the Tectibranch group which have become adapted to a 
pelagic mode of life. 
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Fossil Pteropods occur in Upper Cretaceous and 
•Tevtiaiy formations and belong mainly to genera which 
have living represLntatives. In the Silurian and Devonian 
.rocks large numbers of small conical smooth shells, which 
resemble the living Stifliola, are found, and may possibly 
be the remains of Pteropoejs. 


SUB-ORDElf IL PULMONATA 

The mantle-cavity is modified to form a lung. There 
is no gill. An operculum is nearly^ always absent in the 
adult. The Pulmonata are mainly land and fresh- water 
forms. 

liimnaea. Shell spiral, thin, horny ; last whorl very largo, 
spire sharp. Aperture large, oval, rounded in front. Columella 
more or less twisted. Peristome sharp, entire. Purbeck Beds to 
present day. Lives in fresh water. Ex. Z. Btagnalis^ Pliocene to 
present day ; Z, longiscata^ Ileadou Beds, etc. 

Flanorbis. Shell discoidal, horny, whorls numerous. Aper- 
ture oblique ; iKjristomc simple, sharp, f Jurassic to present day. 
Fresh water. Ex. cormus. Red Crag to present day ; P, euom- 
phalus, HeadorKBcds. 

Helix. Shell variable — conical, discoidal, or globular ; with or 
without an umbilicus ; aperture oblique. Peristome simple or re- 
flected. Eocene to present day. Lives on land. Ex. H, nennyralu. 
Pleistocene and living. There are numerous sub-genera. ‘ 


Distribution of the Gasteropoda 

* Some of lihe Gasteroj)Oftia live on land, ot^iers in fresh 
water, but thq majority are marine ; they are found in the 
seas of all parts of«the world^but arc especially abundant 
in warm regions, and in comparatively shallow water. A 
few fortois can exist both on land and in water, e,g. 
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Ampullaria, which commonly lives in lakes and aivers, 
and is also found on land. Some marine genera, s\ich* 
as Littorina, Gerithium, and Purpura, are able to live in 
fresh as well as in salt water; on the other hand sorne^ 
fresh-water forms are at times found living in the sea, 
e.g, Limncm, Neritina, Bithynia, and Planorbis ; this is 
especially the case in places wtere the water is less salt 
than the main mass of the ocoan, as for instance in the 
Baltic, where we find the genera just mentioned living 
side by side with Littorina and with the marine lamelli- 
branchs Cardium, Tellina, and Mya, Two divisions of the 
Gasteropoda are entirely marine, viz. the Isopleura and 
Opisthobranchia ; the Streptoneura (or Prosobranchia) are 
mainfy marine. Nearly all the Pulmonata arc found on 
land or in fresh water. 

In connexion with the Giisteropoda a few words may 
be said with regard to the distribution of the marine 
Mollusca generally. Some forms live in mid-ocean at 
or near the surface ;• these include the Pteropods, the 
Heteropods and a few other Gasteropods, as well as many 
Dibranchiate Cephalopods. Others live on tlie sea-bottom 
and are found at almost all depths, but are much more 
abundant in shallow than in deep water. The debp-sea 
species Jhave a wide geographical range, owing to the 
uniformity of the conditions under which they live. The 
Mollusca which occur in moderate depths have a ^smaller 
range and are distributed in regionji or provinces, limited 
mainly by conditions of climate^. Each proviflce is marked 
by the abundance of certain genera and by the presence of 
some species whicK d^ not extend iijJjo other provinces; 
but they are nol. separated ty any sharp Jine, and but few 
genera are confined to any one province. In the European 
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region the chief provinces^ are:*the which includes 

''th« polar seas and extends as far south as the north of 
Iceland and the ITorth Cape ; the Boreal, extending from 
^the last down to near the southern end of Norway and 
including the Shetland Islands ; the Celtic, including the 
coasts of Southern Sweden, the Baltic, Denmark, Northern 
France and the British Isles; and the Lusitanian, com- 
prising the coasts of the Bay of Biscay, Portugal, the 
Mediterranean, and North-west Africa. In each province 
the character of the molluscan fauna also varies with the 
nature of the sea-bottom, some genera (e.g. My a, Lutraria, 
Scrobiciilaria) being found especially on muddy bottoms, 
others {e.g, Natica, Turntell'a, Gypnva, Cardiuin) on sandy, 
and yet others {e.g, Buccinum, Littorina, Patella, Arba) on 
rocky. 

The distribution of the Mollusca varies also with the 
depth of the sea, owing to the accompanying change 
of temperature and pressure, and to the gradual dis- 
appearance of light ; in this respect five zones have been 
traced : — 

(1) Littoi'al Zone, extending between high and low 

water marks; in Europe this is especially characterised 
by the abundance of the genera Littorina, Trochiis, 
Patella, Hydrobia, Haliotis, Fissurella, Solen, Mya, 
Dmax, and Gardium, * • 

(2) Laminarian Zone, ranging from low water down 
to abont 14 fathoms; in it algae {Laminaria, etc.) are 
psgrticularly luxuriant,^ and afford food for numerous phyto- 
phagous molluscs. Soiiv^ bf the commonest •genera met 
with are Trocl^s, Nassa, Rissoa, and Ostrea* Nudibranchs 
are also very numePbus. 

1 For a map of tile provinaes see Woodward’s Manual of the Mollusca, 
or Fischer^ Manuel de Conchyliologie, 
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(3) Zone of Nullipores or Gorallines, from 14 to 

about 35 fathoms, where the calcareous algse (CorallinacSae) 
are very abundant. It is characterise(?by the abundance 
of Pleiirotoma, FusiiSy Ghrysodomiis, Buccinum, Naticaf 
Eulima, Venus, Dosinia, Astarte, Nucula, Area, Lima, 
and Pecten. , 

(4) Zone of Brachiopods qnd deep-sea Gorals, from 
35 to about 230 fathoms; off Europe Oculina is the 
common coral; Brachiopods and Polyzoa are abundant. 
Some of the chief molluscs are TurHtella, Odostomia, 
Dentalium, Tellina, Guspidaria ( = Neceva), and Yoldia. 

(5) Abyssal Zone, extending from the preceding down 
to the greatest depths at which life has been found. In this 
zone the shells are mostly thin, colourless, transparent, and 
of small size ; it is especially characterised by numerous 
Scaphopods ; other common forms are Pleurotoma, Fusus, 
Actceon, Scaphander, Philine, Area, Nueula, Limopsis, 
Nuculana, Lima, and Pecten, The remains of Pteropods 
which have fallen from* the surface of the ocean after death 
are often numerous. 

■v 

In the fossil state gasteropods are generally less 
abundant than lamellibranchs, although they exceed them 
at the present day. The earliest forms occur in the Lower 
Cambrfen Beds and are referred to the genera Scenella, 
Stenotheca, Platyeeras, and Raphistoma, Throughout the 
Palaeozoic formations the holostomatous Streptoneura are 
the predominating fornis ; no •gasteropods with a well- 
developed «anal are known' fo .occur until the Trias* is 
reached, but* sipbonostomatous genera #become fairly 
abundant in the Oolites, ^ey increase still more in the 
Cretaceous, and in the Tertiary, they are the principal 
forms. In the fossil state the other division^ of the 
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GasteVopoda are not nearly so well represented as the 
Stf-eptoneiira. The Isopleura range from the Ordovician 
to the present day"! but are rare as fossils. The Heteropoda 
•are represented by a few forms only, the first occurring 
in the Miocene. The Opisthobranchia range from the 
Carboniferous to the presei?t day ; they are moderately well 
represented in the Jurassic and Cretaceous formations, and 
become more abundant ih the Tertiary. Pteropods are 
found in the Upper Cretaceous and later formations. 
Marine forms of Pulmonata appear first in the Devonian ; 
non-marine forms are found in the Carboniferous, but are 
rare until the Piirbeck and Wealden periods, and become 
abundant in the Tertiary deposits. 

The most important genera of Gasteropoda found in 
the different systems are : — 

Cambrian. Scenella^ Platyceras^ Raphistoma^ BeUerophon^ Stra- 
parolUna^ OpMleta^ Stenotheca. 

Ordovician. Belleropliony Holopway Cydonema^ Machtrea, 

t 

Silurian. Pleurotomaria, Bellerophoriy Ompkalotrochm, Holopcea^ 
Cyclonenia^ IIolQpella, Platyceras, 

Devonian. Pleurotomaria, Murchisoniay Belleropkony Loxonemay 
EnompKaluZy Macrochilinay Capxdus, 

4 

Carboniferous. Metoptomay Pleurotomariay Mxirchisoniay Beller- 

ophony Loxmemay EwmphaluSy Naticopsisy Macrochilinay Oapmlus. 

« « 

Permian. Pleurotoxno^'uiy Murchisoniiiy Loxonemay Macrochilina. 

Tria.s‘. Plmrotomariay Trodim, Loxonemay ScahXy NaticopsiSy 

Naficay Tnrritella, * * 

* * * ' 

‘Jurassic. Pleurotomariay^ Amherleyay Cirrus, TrdchuSy Natica, 
Pseudomelania, ^>Bourgmtiay Ncrirvea, Gerithium, Dwroloma 
( = A larva), Malaptera^^-Purpurinay Purpuroidea, ^ 

Cretaceous. Plkurotomaria, Solarium, Turritdla, Natica, Vivi- 
parus, Centhium, Scala, Aporrhais, Dicroloma {=Alaria), Avellaiui, 
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Eocene. Xenophora^ Ccdyptrcea^ Natica^ Melanatria^ Tun'itdla^ 
Cerithium^ Rostellaria^ Hippochrenes^ Rimella^ Aporrhaisy Cypr<pay • 
Cassisy Cas^idariay Tritoniimy FusnSy Clavellay l^eiostoma (=^Sycum), 
Pisamay Pyrulcty MiireXy Typhisy Vohitay Volutospinay VolutilitheSy 
Olivay Ancillay Pleurotomay Gonmy Conorlm. 

Oligocene. Neritay Nei'ithmy Naticay ViviparuSy Mdanixiy Mela- 
nopsiSy CerUhiumy PotamideSy MureXy FmuSy Ancillay Pleurotomay 
Limnasay Plamrhuy Rmoay Helix y Jlmphidromm. 

Pliocene. Emarginuloy Fissurellay TrochuSy Scalay Tumtellay 
Natictty Littonnay CapiduHy CeHthmmy Aporrhaisy Trivuty Biiccinumy 
Lioniesus { = Buxicinopsu)yiTritonofimi8y VlirysodomnSy Xamiy Pur- 
puruy Trophony Scaptiellay Actrem. 


Hyolithes, Gonulariay etc. 

Hyolithes, Gonularuiy Tentaculitea and other allied 
genera, which are often abundant in the Pateozoic and 
are almost confined to the deposits of that period, have 
been considered by many authors to be Ptcropods. Their 
shells, however, are much larger and thicks than those 
of living Pteropods, and were in some cases (Gonularia) 
attached by the apical end. Since Pteropods are now 
believed to be highly specialised forms of the Opistho- 
branchia^ it is unlikely that they would be represented 
in^the Lower Palaeozoic deposits. ,^Some writers have 
suggested that these Palaeozoic genera are allied to 
primitive, forms of Cephalopods* (agr. Volborthella) ; this 
view receives some support fr«3m the presence of septa 
in the shell, and from the occurrence in Jffyolithes of a 
siphonal lobe (g. 267). suggestive of the existence of a 
siphuncle. For the present, however, * the systematic 
position of these genera must be regarded as doubtful. 



256 


MOLLUSCA. SCAPHOPODA 


Hyolithes Theca) (fig. 101). Shell calcareous, straight, 
^rai;i^ly curved, pyramidal, its section 
triangular, elliptical^ scmi>elliptical 
or nearly circular ; surface smooth 
•^or striated ; posterior part some- 
times crossed by septa. Aperture 
with an operculum. Cambrian to 
Permian. Ex. AT. elegaiis^ Ordovi- 
cian. 

Conularia. Shell thin, formed 
of chitin, more or less impregnated Fig. 101. Hyolithes from the 
with lime ; generally straight, pyra- 
midal, with four sides ; each angle 

of the pyramid with a straight groove ; each lateral face may have 
a median longitudinal groove. Apical part of shell sometimes with 
a few convex septa. Surface smooth, or ornamented with numerous 
transverse, parallel, angulatcd ridges, and sometimes with longitu- 
dinal ridges. Aperture partly closed by incurved triangular lobes. 
Ordovician to Lijis. Ex. C. quadrisulcata, Carboniferous. 

Tentaciilites. Shell calcareous, thick, solid, in the form of 
a greatly elongated cone, straight or slightly curved, with circular 
section ; apical part with septa, its end often with a vesicular 
enlargement. Surface provided with prominent, transverse, parallel 
rings, and wit^ transverse and longitudinal strio). Ordovician to 
Devonian. Ex. T, anglicm^ Bala Beds. 

Other genera, which appear to bo allied to the preceding, are 
UyoliiheUus, Salterella^ and Coleolus from the Cambrian. 

CLASS III. SCAPHOPODA 

The Scaphopoda include only a few genera,, which in 
SQine respects resemble the lamellibranchs, and in others 
the gasteropods. The Body is elongated, and bilaterally 
symmetrical. The jnantle is cylindrical and open at both 
ends; it secret()s a straight or slightly curved tubular 
shell which is also open at both ends. The foot is 
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elongated and cylindrical; it can be protruded through 
the larger (anterior) aperture of the mantle and shell, and 
serves a^ a digging organ. The animal is attached to 
the posterior part of the shell by means of a muscle ; ai^ 
odontophore is present, but the head is rudimentary, 
and eyes, gills, and heart are a];)scnt. The sexes are sepa- 
rate. All the scaphopods are marine, and they usually live 
buried in sand or mud, with only the posterior extremity 
projecting into the water; they range from the littoral 
down to the abyssal zone. The earliest forms are found in 
the Ordovician rocks. 

Dentalium. Shell conical or sub-cylindrical, tapering poste- 
riorly, slightly curved. Anterior aperture simple, not constricted ; 
posterior aperture smaller, without a fissure. Surface ornamented 
with longitudinal strife or ribs. Eocene to present day. Ex. 2). 
eUphantinum^ Recent. Forms closely allied to Dentalium occur in 
many Palaeozoic and Mesozoic formations. 


CLASS W. CEPHALOPODA 

The Cephalopods are entirely marine ”md are more 
highly organised than other molluscs; well-known living 
forms are the cuttle-fishes, the squids, the paper-nautilus 
and the pearly nautilus, whilst amongst extinct types 
are beLemnites, ammonites, and goniatites. Existing 
fo?tns are always bilaterally symmf^trical. The head is 
well marked and is separated from the body by^ a con- 
striction; it is especially characterised by the presence^ of 
a circle of a^m-like or lobe-like ^rocesses'around the mouth 
(fig. 102, 0 , /)* these processes are provided either with 
sucking-discs ov<mth tent£^les,.and a^ie used for seizing 
food, and in locomotion. Behind the head is a muscular 
tube termed the funnel (d), which opens in froiit to the* 
w. p. 17 



268 


MOLLUSCA. CEPHALOPODA 


exteribr, and behind into the mantle-cavity (c) ; this may 
be 'either a perfect tube or may be formed by the apposi- 
tion of two trough-like lobes. By some authors «the arms 
Dr lobes around the mouth are regarded as the fore-foot, 
and the funnel as the mid- foot, the hind- foot being absent. 



Fig. 102. Diagram of a vertical median antero-posterior section of Sepia 
officinalis, a, shell ; h, mouth of mantle-cavity ; c, mantle-cavity ; 
d, funnel ; e, arms ; /, long arm ; the upper beak or jaw ; h, the 
lower beak or jaw ; i, odontophore ; A;, the viscero-pericardial sac ; 

the nerve-collar ; m, the crop ; n, the gizzard ; o, the anus ; p, left 
gill; g, ventricle of the heart; r, renal glandular mass; s, left 
nephridial aperture; viscero-pericardial aperture; u, branchial 
heart ; w, ink-sac. (After Lankester.) 

Others, however, consider that the funnel alone represents 
the foot. The name Cephalopoda is due to the former 
view — that the foot has grown round the mouth and is 
divided up into arms or lobes. The part of the body hear 
the mouth and funnf^l is usually regarded as ventral, And 
the opposite part as dorsal. 

On the upper surface' of the head there are two large 
eyes, which, except in Nautilus, are almost as highly 
developed as vertebrate animals. The mantle is formed 
by a single fold of- (the skin, which passes quite round the 
body; on the anterior (uppdr) surface the fold is very 
shallow ‘"so that the mantle-cavity exists mainly on the 
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posterior (under) surfoce. The feather-like gills (p) aro^ 
placed in the mantle-cavity; in the Dibranchs (cuttle- 
fishes, Ac.) there is one pair, in f^auiilus there are 
two. A current of water flows in at the sides of thd 
mantle-cavity, and can be forced out through the funnel 
by means of the contraction q£ the walls of the mantle- 
cavity. In the Dibranchiate Ccphalopods there is a gland, 
known as the ink-sac (w), which secretes a black fluid 
(sepia); the duct from this gland opens with the anus 
(o) into the mantle-cavity; the ink is ejected at times 
and passes out through the funnel, rendering the water 
cloudy, and by this means facilitating the escape of the 
animal from its enemies. Just within the mouth there 
are two jaws (ff, h) which have the form of a parrot’s beak, 
and are either horny or calcareous. An odontophore (i) 
is also present, but the arrangement of the teeth is less 
variable than in the gasteropods, and is of little value for 
systematic purposes. 

The heart consists^of a median ventricle {q), and of 
lateral auricles, which are either two or four in number, 
according as there are two or four gills. The nervous 
system is remarkable in that the ganglia are placed 
close together, forming a central mass one part is 
placed above the oesophagus, and is connected by cords 
with the other part beneath it. This central nervous 
system is covered by a cartilaginoiw ring and gives off 
nerves to the arms, viscera, etc. The sexes of the Cephal- 
opoda are always separate, and slio^ ex^emak differences. 
In some genera there is no shelf; J)ut when present it may 
be external (fig. 1Q3) or internal (fig. lOg, a)\ in the 
latter case it is psuallyplacgd iif a sahrin the mantle on 
the antero-dorsal side. The Cephalopoda hre divided into* 
two Orders :—(l) Tetrabranchia, (2) Dibranchia. 

4 >-- --■ - 

17—2 
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ORDEB 1. TETRABRANOHIA 

The Tetrabranchia have four gills, and an*external 
chambered shell. There are two Sub-Orders, (1) Nauti- 
loidea, (2) Ammonoidea. 

f 

SUB-ORDER I. NAUTILOIDEA 

■ t 

In Palaeozoic times the Nautiloid Cephalopoda were 
very abundant, but at the present day the only repre- 
sentative of the group is NautiluSt This possesses two 
pairs of gills, and two pairs of auricles ; no ink-sac is 
present; and the funnel is not a complete tube, but is 



formed of two parts.*' .Around ,the mouth are numerous 
lobe-like processes which are given off from the margin of 
the head; th£se do not bear suckers,, as is* the case in the 
Dibranchs, but tentacle& wkich dan be jetracted within 
sheaths^ The Jaws ar^ calcined and are not uncommonly 
found fossil. 
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A shell is present in all Nautiloids and is 'always 
external ; it consists of a tube, which tapers to a poiift al; 
one endP, and may be straight, archcdf or spiral. In the 
spiral forms the whorls may be separate, or partly free, or 
in contact throughout; commonly they are all in one 
plane, but in some cases they form a helicoid spiral. The 
interior of the shell, unlike that in most gasteropods, is 
divided into a number of chifmbers by means of trans- 
verse partitions termed septa (fig. 103, h ) ; generally the 
chambers increase in size towards the aperture of the 
shell. The body of*the animal is placed in the last or 
body-chamber (a), to the walls of which it is attached by 
muscles ; in Nautilus there are two oval muscular im- 
pressions, one on each side, near the last septum and 
the inner side of the whorl; these impressions are marked 
by faint concentric lines. The muscles are connected 
both above and below by a band of fibres called the 
annulus^ which likewise leaves a mark on the shell. In 
Nautilus the funnel is placed at the external margin of 
the aperture, so that this part of the last chamber is 
regarded as ventral. 

All the chambers, except the body-chamber, are filled 
with air, giving buoyancy to the shell. The shell grows 
by the addition of material at the margin of the aperture; 
after » certain period the body of the animal moves 
forward and a new septum is* sec/eted behind it, thus 
cutting 00’ a new air chamber. This movement occurs 
after a period of growth, and iifncA related, ^as some hjive 
supposed, U> periods of reproduction, since it is only after 
the shell is 'corngleted that reproducticyi begins. In 
Nautilus the last air •chamber -of the^.completed shell is 
usually somewhat smaller^than ^the preceding one (fig. 
103). All the air chambers are transversed by*a slender 
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prolongation of the dorsal end of the body, containing 
arteries, and known as the Hphuncle (d). The position 
of the siphuncle varies in different genera; in Nautilus 
it pierces the septa at or near their centres; in others 
it may be near either the external or the internal 
margin of the whorl. In the modern Nautilus the 
siphuncle has only a thin calcareous covering; but in 
many fossil Nautiloids it is completely invested by a. 
calcareous tube. In Palaeozoic genera the interior of the 
calcareous siphuncle is frequently partly filled up with 
calcareous deposits. The septji are often prolonged in the 
form of funnels around the siphuncle, so as to more or 
less completely insheath it; they may be short or .may, 
reach from one septum to the next or even further ; these 
funnels are termed septal necks (c); in nearly all the 
Nautiloidea they are directed backwards. 

The aperture of the shell has, in some cases, a simple 
margin, being either straight or slightly curved ; in others, 
processes are given off from the external margin or from 
the sides; in Nautilus there is a sinus at the external 
(ventral) margin where the funnel occurs, and the lines 
of growth on the shell are correspondingly curved. In 
some fossil Nautiloids (Phragmoceras) the sinus is at 
the inner margin of the aperture, v^hich was therefore 
presumably ventral. In ^ few forms (e.g. Gomphocerqs, 
fig. 106 ) the aperture, •owing to the inward growth of the 
margin of the body-chamber, is constricted. 

©The line where^the^edge of th^ septum unites with the 
outer or tubular part of tJie shell is known as«the ^yze\ 
obviously this Mil only be seen when the shell is removed ; 
but fossil forms fr^Uentl^ ocaiir as'easts and in these the 
sutures are deafly shovm. One of the chief characters 
of the shell in the Nautiloidea is the simple form of the 
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sutures; usually they are either straight or only slightly 
undulating. * 

The Shell which covered the embryo^n the Cephalopoda 
is known as the protoconch^\ in 
the Nautiloidea this probably con- 
sisted of non-calcified material, 
and is not definitely known to 
be preserved in fossil specimeiA ; 
but some authors have found 
calcareous protoconchs in straight 
conical shells whicB they be- 
lieve to belong to the genus 
Orthoceras, If the shell of a 
Nautilus be sliced in two, there 
will be seen at the centre a space 
(fig. 104, a) which was probably 
occupied by the protoconch. At 
the apex of the first chamber is an 
opening which is usually slit-like and surrounded by 
either a rim or a depression; this opening probably 
served to connect the protoconch with the first chamber. 
The siphuncle (c) commences in the first chamber as a 
closed tube. . . 

Ortlioceras. SHell straight or occasionally slightly curved, 
elongate-conical ; transverse section •usually circular. Septa con- 
cave ; body-chamber large ; aperture not* contracted or produced 
into lobes. Siphuncle cylindrical, without internal calcareous 
deposits ; usually central, but sometunes# sub-central or ex-centyal. 
Ornamentation variable. Orthocerhs is divicied into several sub- 
genera. Tremadoc Beds to Trias. Ex. 0. annulatum^ Wenlock 
Limestone ; 0, goldfvSdar^um^ Carboy iferous LimeStone. * 

t • • 

^ This corresponds to the protegulum of the Braohiopodg and to the 
prodissoconoh of the Lamellibranchs. 



Fig. 104. Median section 
of the central part of the 
shell of Nautilus, a, cen- 
tral space ; septum ; 
c, siphuncle; d, septal 
neck. Enlarged. 
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Actinoceras (fig. 105). Exteraal form similar to the pre- 
6ediiig ; often very large. The 


siphuncle is large, ai\d inflated 
between the septa so that each 
segment is spheroidal, and con- 
tains in the interior a large 
amount of calcareous deposit. 
the centre of the siphuncle is a 
small tube known as the 
siphon (d), from which radiating 
tubes (o) are given off between 
the septa and pass to the si- 
phuncle. Ordovician to Carboni- 
ferous Limestone ; in England 
chiefly Carboniferous. Ex. A. 
gigarUeum^ Carboniferous Lime- 
stone. 



Fig. 165. Diagrammatic section 
of a portion of the shell of 
Actinoceras. a, septum ; b, 
siphuncle ; c, canals from eu- 
dosiphon ; d, endosiphoh. 


Oomphoceras (fig. 106). Shell ovoid, short, straight or slightly 
curved ; section nearly circular ; 
body-chamber very large, aper- 
ture contracted, T-shaped. Septa 
close together. Siphuncle sub- 
cylindrical or beaded, sub-central, 
placed nearer Jbhe more convex 
side of the shell. Surface smooth 
or with transverse ribs or strije. 

Silurian- (perhaps also Ordovician, 

Devonian and Carboniferous). 

Ex. G. elltpticum, Lower Lud- 
low. ' (From Woodward.) Natural st^e. 

PhriLgfinoceras. Similar to the last, but curved and rapidly 
increasing in diameter, ^laterally compressed, section oval or 
elliptical ; siphuncle* near the , inner (concave) margin. Silurian. 
Ex. P. hroderipi. •* , * 

V 

A86ocerad. SheU a little curved thd" earlier part (which is 
rarely found) is similar to Orthd^^eras, but witti the septa more 
widely separated. * The later formed part is sac-like and a little 
more convex on the outer than on the inper side ; the body-chamber 
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occupies most of the outer side ; the septa join together awl then 
bend round and divide again before reaching the inner side of^the* 
shell ; the^ siphuncle of this part is very s^rt. Ordovician, but 
chiefly Silurian. Ex. A, hohemicMm^ Silurian. 

» 

Cyrtoceras. Similar to Orthoceras but always curved : never 
forming a complete volution ; section usually elliptical or oval. 
Siphuncle small, cylindrical or bead^like, usually sub-marginal and 
usually near the convex side of the shell. Cambrian to Carboni- 
ferous. Ex. C. lineatum^ Devonian. * 

Poterioceras. Shell fusiform, slightly curved, inflated in the 
middle, contracted at both ends, but especially at the *apical end. 
Section elliptical in the ifdult. Siphuncle sub-central or marginal, 
inflated between the septa. I^ast chamber large, aperture simple, 
contracted. Ordovician to Carboniferous. Ex. /*. fusiforme^ Car- 
boniferous Limestone. 

Nautilus (fig. 103). Shell more or less globose, spiral, whorls 
few, coiled in one plane, and more or less completely embracing. 
Umbilicus usually small or absent. Last chamber much larger 
than the preceding one, aperture simple, with an external sinus. 
Septa concave, sutures more or less undulating. Siphuncle central 
or sub-central, septal neclgj short and directed backwards. Surface 
of shell smooth or ornamented with striae or ribs. Trias to present 
day. Ex. N‘, pompilius^ Recent ; N, pseiidoUneatus.^u^oinov Oolite. 

Discites {^^Discitoceras). Shell spiral, compressed, discoidal ; 
whorls quadrangular in section, increasing in size gradualljr, some- 
times a little embracing, with the external margin flat or grooved, 
and the^sides flattene'd. The last part of the shell is separated 
fram the preceding whorl for a » short distance. The earlier 
whorls with longitudinal ribs. Carboniferous Limestone. Ex. Z>. 
leveilleanus. Other Carboniferous genera with plane spiral shells 
are Codonautilus. Tefinnocheilvs, VestiiwAMilus. 

Aturia * ^hell discoidal, whorlji compressed, completely em- 
bracing, with rounded external margin ; suture-%ie zigzag with a 
deep angular lobe on clhch mde. * Siphuncle near the internal 
margin ; septal necks large anc very long, completely covering the 
siphuncle. Eocene and Miocene. Ex. A, zic-zac, London Clay. 
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* €. SUB-ORDER II. AMMONOIDEA 

The Ammonoiids are quite extinct and include the 
•ammonites, goniatites, etc. The shell is generally coiled 
into a plane spiral, and as a rule the sutures show com- ^ 
plicated patterns (fig. 10>). The siphuncle is placed at 'j , 
the margin of the shell — usually at the outer, but occa- 
sionally at the inner margin ; it is usually more slender ’-J 



Fig. 107. A, suture of an Ammonite {Parkimonia dorsetensU) from the 
Inferior Oolite. B, suture of Ceratites nodosust from the Musohel- 
kalft. I, one half of the external lobe; If, 2f, superior and in- 
ferior lateral lobes ; al^ auxiliary lobes ; a, external saddle; la, 2a, 
superior and inferior lateral saddles ; aa, auxiliary saddleis^ In each 
case the straight line^ on the left represents the position of ^he 
siphuncle at the external margin, and the curved one on the right 

the Ime of contact with the next whorl. 

€• 

thttn in the Nautiloids^ahd does not contain internal 
calcareous degpsits. The septal neckj in the ammonites 
ar^, directed forwaids, except in*some. jof the earliest 
' chambers ; , in dymenia, on Ihe other hand, they point 
backwards as in the Nautiloids ; and in^the goniatites a 
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smair collar- like part projects in front of the septurft, but 
the main part of the septal neck extends backwards. * * 

The fftrm of the sutures varies considerably in different 
genera and is of great importance for systematic purposes.* 
The central part of each septum is flattened or slightly 
undulose, but the edges becoijae folded or even frilled, 
often giving rise to very complex sutures ; by this means 
greater support is afforded to the outer tubular part of 
the shell than is the case in the Nautiloids where the 
sutures are simple. The portions of the suture which are 
convex towards the mbuth of the shell are termed saddles 
(fig. 107 , 5 ), while the intervening concave portions are 
known as the lobes (Z). In many forms the lobes and 
saddles exhibit secondary foldings, which may be slight, 
producing merely a *denticulate pattern, or may be deep 
and provided with other smaller foldings, giving a folia- 
ceous appearance to the suture. The lobes and saddles 
are similar on the two sides of the shell : commonly there 
is first the external lobe (fig. 107, 1) at the external margin, 
then the superior and inferior lateral lobes on the sides of 
the whorl (1 Z, 2 Z), and near the inner margiif other lobes 
known as auxiliary lobes (aZ) may occur ; on the internal 
margin (opposite to the external lobe) is the internqil lobe. 
The saddles are arranged in a similar manner;^ there are 
the external saddle ( 5 ), the lateral saddles (1 5 , 2 5 ), and 
auxiliary saddles {as). The external^ lobe is often divided 
by a median saddle (as in fig. 107). The formr of the 
successive sutures remains almo'st constant on the, adult 
part of the shell, but on the yotin^er parts the sutures are 
less complex. * The^ suture of the first septum may be 
straight or onlj slightly curved,* as m the Nautiloids; or 
it may show a broad extenul saddle; or a* narrow external 
saddle with a lateral lobe on each side. In tlfe second 
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and iater septa the sutures become successive!/ more 
‘ foMed, until the adult form is attained. 

5 The protoconcfe of the Ammonoids, unlike tkat of the 
, Nautiloids (p. 263), is formed of calcareous material, and 
is often preserved ; it is spherical or ovoid in shape and 
spirally coiled (fig. 108 a). The first septum closes the 
aperture of the protoconch. The siphuncle (6) commences 
with a bulbous cnlargemait which projects into the proto- 
conch ; in the first few chambers it is nearly central, but 
afterwards it gets gradually nearer the external margin of 
the whorls. ‘ 



of an ammonite — Amblycoceras 
planicosta, Lias, a, protoconch ; 
6, siphuncle. (After Branco.) 

X 21. . 



Fig. 109. Aptychus of an ammo- 
nite, from the Oxford Clay. 
(From Woodward.) 


In the body-chamber*' of some ammonites and gonia- 
tites, a^d in Baculites and Scaphites, a pair of calcareous 
plates, known as the ^aptychus (fig. 109), are occasionally 
fopnd*; in Shaped they ase triangular or nearly semi- 
circular ; the margins wTiere the two plates are in contact 
are straight,* the ^ others curved. Since in one am- 
iponite an aptyphus was fou|^d closing the aperture of 
the shell, it is probable that it served as an operculum 
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(p. 236). A similar structure, but consisting of ehitin, 
and with the two plates united, is found in the body- 
chamber^ of some ammonites. 

In a few Ammonoids the shell is either a straight, 
cone {e,g. Bactrites) or coiled into a helicoid spiral {eg, 
Turrilites), but in the great majority of the genera all the 
whorls are in a plane spiral, and in such the form of the 
shell depends mainly on whether the later whorls grow 
round the earlier, or are simply in contact with them ; in 
some genera the last whorl partly (fig. 119) or completely 
(fig. 112) conceals all the previous ones, but in others 
(fig. 114) the whole of the whorls are visible, and then 
the umbilicus — which is present on both sides of the shell 
— is very large. When the diameter of the whorl from 
side to side {i.e, the thickness) is greater than the diameter 
from the internal to the external margin {i,e, the height) 
then the umbilicus becomes deep, and if in such cases the 
later whorls embrace the earlier, then the umbilicus will 
be both deep and narrow. 

The surface of the shell may be smooth or orna- 
mented with striae, ribs, tubercles, or spires. In some 
ammonites (fig. 117) the external margin of the shell is 
provided with a ridge or keel, and in these forms the ribs 
of the two sides are not continuous. The keel may bo 
smooth* or toothed. In some genera there is either a- 
groove or a flattened margin in pl^ce of the keel. The 
aperture of the shell is frequent^ produced inta lobes at 
the sides, or into a pointed projection at the external 
margin (figs. 117, 118).* • * * I 

The character of the ornamentation chayges at diifferent 
periods in the Jife of the individual ; .these changed, which 
occurred during growth fjom the protgconch up to the 
adult, can be traced out by examining the early* whorls of 
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the shell. From a study of this development of the 
• individual (ontogeny) some authors have attempted to 
trace out the phjilogeny of various types of AiSimonoids 
^(see page 13). As in the case of the iBrachiopoda (p. 167) 
it has been found that some forms, which in the adult 
state appear to be nearly identical, differ in their 
development, suggesting that they have descended from 
different ancestors. Similarly, as already mentioned, 
changes may be seen in the form of the sutures when 
traced from the beginning of the first whorl to later 
parts of the shell; these changes 'arc of importance in 
the study of phylogeny, and seem to show that the 
ammonites have descended from more than one group of 
goniatites. 

Since the Ammonoids are extinct and their soft parts 
unknown it is impossible to determine what number of 
gills they possessed ; consequently their reference to the 
Tetrabranchia cannot be definitely established. As, how- 
ever, the shell was external and agrees closely in structure 
with that of the Nautiloids, and the muscular impressions 
in the last chamber are similar to those found in Nautilus, 
we may regard the Ammonoids as closely allied to the 
Nautiloidea; this view of their relationship receives 
further support from the resemblance shown by the early 
Ammonoids (in their relatively simple sutures, back- 
wardly- directed septal nedks, etc.) to the Nautiloids. llie 
protoco^Qch of the Ammonoids, however, differs from that 
of the Nautiloids and^ presents some resemblance to the 
pr^toebneh df B&lemnites •anA. *some other, Dibranchs 
(page 282). ^ ^ ‘ 

Cl]n3lGnia. Shcll« discofdal ; whorls numenous, more or less 
flattened, ail visible^ but each partly embracing the preceding one ; 
body-chamber long, generally occupying three-quarters of the last 
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whorl. » Aperture with a sinus at the external margin. Sutures 
with a simple wavy or angular lateral lobe, a lobe at the inteijaal^ 
margin (below the siphuncle) and a saddle at the external margin. 
Siphuncle on the internal margin ; septal nec^fs directed backwards. 
Surface usually ornamented with transverse striae. U pper Devonian. > 
Ex. C, loevigata, Clymenia is divided into Cyrtoclymenia^ Oxy- 
clymenia^ Cymmlymmia^ and Goniocl^menia, 

Mimoceraa^ Shell discoidal ; the early whorls not in con- 
tact, the later ones contiguous. Siphuncle at the external margin 
Sutures very simple, concave on the sides of the whorls, with a 
funnel-shaped external lobe. Devonian. Ex. M. com'presmm. 

Anarcestes. Shel1>with a wide umbilicus, and broad, rounded 
external margin. Body-chamber long ; aperture with a deep ex- 
ternal sinus. Sutures very simple ; the external lobe funnel-shai)ed 
and nQt divided by a saddle ; lateral lobe very flat. Septal necks 
long, directed backwards. Devonian. Ex. A» pleheius^ Lower and 
Middle Devonian. 


A. B 

Fig. 110. '^Glyphioceras spharicuntf fron] the Carboniferous Limestone. 
\he shell has been dissolved exposing th^ sutures. A, side view. 
B, view showing aperture with the siphnuclc at the extern?.! (upper) 
margin. (From Woodward.) xf. , • 

QlyphiO<sera8 (fig. IIO). Shell ^smooth or striated, whdHs 
generally large arid embracing, with rounded external margin ; um- 

^ This and the* four foflowing| witti sev^af other genera, were 
formerly grouped together under «ie name Goniatites. * 

> In all the following genera the siphuncle has this position. 
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bilious small or absent. Septal necks short, directed backwards but 
( usually also with a small part projecting forwards. External lobe 
divided by a small saddle ; external saddle narrow ; lateral lobe 
angular and deep; latcrar saddle broad, rounded, and undivided. 
'Carboniferous. Ex. G. sphcericum^ G. crenistriay Carboniferous 
Limestone. 

Gastlioceras. Shell with longitudinal striee, often with 
transverse ribs ; with tubercles at the margin of the umbilicus. 
External margin broad, rounded. External lobe broad and deep, 
divided by a saddle ; first lateral lobe deep, tongue-shaped, angular ; 
second lateral lobe small, angular ; saddles rounded. Carboniferous 
and Permo-Carboniferous. Ex; G. carhonarium. Coal Measures. 

Frolecanites. Shell smooth or striated, flattened, with a 
large umbilicus. Lobes and 
saddles numerous. External lobe 
not divided ; two or three lateral 
lobes, sharp ; lateral saddles nar- 
row and rounded. Devonian and 
Carboniferous. Ex. P, compreasus 
{=henslowi), Carboniferous Lime- 
stone. 

Ceratites (figs. 107 B, ill). 

Shell discoidal ; oti the sides are 
ribs which oiocn bear tubercles 
near the umbilical and external 
margins ; external margin broad, 
convex** or flattened ; umbilicus 
large ; body -chamber short. 

Saddles rounded, lobes denticu- 
late; external lobe b^’oad and 
short. Trias, especially M*ischelkalk. Ex. C. nodosus^ Muschelkalk. 

^ Trachyceras^. Shelfflattened, highly ornamented with ribs 

" 1 This and the following f^enera, which are coiled ill a plane spiral, 
with external siphuncle, and septal necks usually directed forwards in 
the adhlt, were' formerly regarded as cqpstituting a single genus — 
Ammonites, The genera now adopted are founded Inainly on the form 
and ornamentation' of the shell, th^ character of the sutures, and the 
length of tne body-chamber. 



Fig. 111. Ceratites nodosua, from 
the Muschelkalk. The shell 
has been removed, exposing 
the sutures. x|. 
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which ijear tubercles or spines arranged in spiral rows ; at the 
external margin is a groove; umbilicus generally small, BcJfly- 
chamber short. Sutures simple, lobes and saj^dles toothed. Trias. 
Ex. T, am, 

•f 

Arcestes. Shell smooth or striated, nearly globular, with 
thick whorls ; umbilicus small or absent ; aperture without lateral 


projections ; body-chamber very long, 
and foliaceous, arranged in a 
straight row and gradually de- 
creasing in size from the external 
to the internal margin ; there are 
two lateral lobes and many 
auxiliary lobes ; saddles with 
narrow stems and hne branches. 
Trias. Ex. A, intvdahiatus, 

Phylloceras(figs. 112 , 113). 
Shell smooth or with fine striae or 
gentle folds, never with tubercles ; 
external margin rounded ; umbili- 
cus very small or absent. Saddles 
and lobes numerous ; saddles 
divided, the extremities /Jbeing 
rounded ; auxiliary lobes numerous 
P, heterophyllum^ Upper Lias. 


Lobes and saddles numerous 



Fig. 112. Fhylloceras keterophyU 
lunif from the Lias. A part 
of the shell has been removed 
to expose the sutures, x i, 

. Jurassic to Cretaceous. Ex. * 



Fig, 113. Suture line of Phylloceras heterophyllum, from t)ie Lias. • Tbs 
arrow indicates the position of the uphuncle and points towards the 
aperture of the ^ell. (From Woodwa/d.) Natural size. 


Lytoceras (fig. 114). ''Shell ornamented With transverse ribs, 
and often with laminar projecti^ins (va^ces) placed at intervals.' 
Whorls rounded, and only slightly or not at all embracing ;''aperture 


w. P. 


18 
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usually’ simple. Suture-line deep] 
nui external lobe, two lateral lobes, 
and a narrow internal lobe; of 
an external saddle and two 
'lateral saddles. Lateral lobes 
and saddles nearly symmetrically 
divided. Lias to Cretaceous. Ex. 
L. fimbriattmf Middle Lias. 

Hamites. Shell bent upon 
itself three times, the parts not 
in contact ; body-chamber long. 
Suture-line similar to Lytoceras^ 
with the lateral lobes deeply 
divided. Surface smooth, or 
ornamented with ribs, tubercles, 
or spines. Lower Greensand to C 


and finely divided, consisting of 



Pig. 114. Lytoceras fimbriatunif 
from the Middle Lias. 

alk. Ex. JL maximusy Grfhlt. 


Macroscaphites (fig. 1 15). Similar to Lytoceras. Discoidal ; 
the last whorl produced and then bent back in the form of a hook. 
Lower Cretaceous. Ex. M, ivaniy if. gigas. 



Fig. 115. Macroscaphites ivaniy from the Lower Cretaceous. 

j j. 

Turrilites. Shell l:l3licoid-spiral, turreted, usually sinistral, 
all the whorls’ in contacu. Sutures similar to Jjytoceras, Surface 
o^hamented with transverse ribs or tubercles. Gault to Chalk. 
Ex. T, costatusy phalk. ^ 

Baculites. Shell straight (except a small spiral part at the 
apex, which is the first-formed p{/t of the shell), elongate-conical, 
elliptical \n section ; body-chamber large, aperture produced at the 
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outer ^(siplional) margin. Sutures with the lobes sjmmcfbrically 
divided. Upper Cretaceous. Ex. B, vertebralis {—faujasi)^ Chalks 

Psilot^eras. Shell discoidal, umbilicAs large; whorls in- 
creasing in size very slowly, external border rounded or with a ver}» 
small keel ; surface smooth or striated, occasionally with ribs. 
Body-chamber large. Sutures not much divided. Lower Lias. 
Ex. P, •planorhis, • 

Alietites. Shell discoidal, umbilicus large ; whorls numerous, 
only slightly embracing, with the external border flattened and 
provided with a keel having a groove on each side of it. Surface 
with strong simple ribs, which are straight or bent near the margin, 
and may bear tubercles. Body-chamber occupying from one to one 
and a quarter whorls. Sutures much divided, with two lateral 

lobes and one auxiliary lobe. Lower Lias. Ex. A, hisulcatus, 

• 

Schlotheimia. Shell flat, discoidal, umbilicus usually large. 
Ribs strong, curved, often bifurcated in the adult, bending forward 
at the external margin, where they meet at an angle, but are often 
interrupted by a slight furrow or 
smooth band at the margin. Sh- 
tures deeply divided ; superior 
lateral lobe generally deepy than 
the external lobe ; three or four 
auxiliary lobes. Lower Lias. Ex. 

8. angvlata, 

jESgoceras (fig. 116). Shell 
discoidal, with a largo umbilicus ; 
whorls ro^mded, without a keel, 
ornamented with simple ribs which 
are continuous over the external 
margin. Lobes much divided ; 
superior lateral lobe larger than the oth^’s. Lias. JEx. jE,*capn- 

comuB. • * ^ • 

• 

Oxynoticeras. ^hell much flattened ; umbiheus small ; ex- 
ternal margin sharp or keefed ; surface* smooth or striated. Sutures 
not deeply divided ; external sac^Ie largje, divided ; auxiliary lobed 
present. Lias to Inferior Oolite. Ex. 0, oxynotumy LowAr Lias. 

18—2 
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As&altheus. Shell flattened ; with a keel, which is usually 
ft>othed but sometimes sharp ; umbilicus generally small ; surface 
smooth, or with striae, yr simple or spiny ribs. Aperture w^ith a long 
process at the external margin. Lobes and saddles deep and much 
divided, with several auxiliary lobes. Jurassic. Ex. A, margari^ 
tatusy Middle Lias. 


Harpoceras (fig. 117). Shell flattened, with a prominent 

even keel having a shallow furrow 

on each side ; umbilicus small*' or 
of moderate size. Sides of shell 
with sickle-shaped undivided ribs. 

Aperture with projections. Su- 
tures strongly divided ; superior 
lateral lobe deep. Lias. Ex. if. | 
aerpmtinum^ Middle and Upper 
Lias. 

Hildoceras. Similar to the 
last. Whorls low, subquadrate in 

section, with broad external margin 11^7. Harpoceras serpentinujn^ 

j j r , from the Upper Lias, x J. 

and usually a deep furrow on each 

side of the keel. Umbilicus wide, llibs distinctly sickle-shaped 
in most cases. Upper Lias and base of Inferior Oolite. Ex. ff. 
hifrons. 


Dactylioceras. Whorls numerous, only a little embracing, 
without a keel ; umbilicus large. Ribs numerous, at first straight, 
afterwafjds bifurcating, continued over the external margin ; without 
tubercles. Body-chamber long. Sutures moderiitely divided ; ex- 
ternal lobe larger than the superior lateral. Upper Lias and lower 
part of Inferior Oolite.. Ex. D. commune, Upper Lias. » 

Stei^heoceras {=Slf^hanocer<is) (fig. 118). Whorls thicker 
tl^n high, external^ margin 'rounded, without a keel. Umbilicus 
laifge. Surface with straight libs, which bifurcate on the sides of 
the whorls and often bear tubercles where they *bifurcate. Body- 
chamber long. 'Aperture often with lobes. Sutures deeply divided ; 
external lobe large;* inferior lateml lobe and auxiliary lobes small. 
Inferior Oolite td Oxfordian. JSi. S, humphriesianum, Inferior 
Oolite. 
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llflfacrocephaliteB. Shell without a keel, whorls largely em- 
bracing, external margin rounded, umbilicus small. Eibs numeft>us* 
dividing i^ear the umbilicus, continued over tj^e external margin, and 
without tubercles. Aperture without lobes. Sutures deeply divided^ 
with auxiliary lobes. Great Oolite to Kellaways Bock. Ex. M, 
macrocephalus^ Combrash. 



Cardioceras(fig.ii9'^. Shell 
flattened ; whorls considerably 
embracing, with strong curved 
ribs which bifurcate, and bend- 
ing forward near the external 
edge join the notched keel ; short 
ribs often* intercalated on the ex- 
ternal part. Lobes and saddles 
moderately divided ; two short 
lateral lobes, and two or three 
auxiliary lobes ; internal lobejyith 
a single poink Kellaways Bock 
and Oxfordian. ISx. C, cordatum^ 
Oxfordian. • 



Fig. 119. Cardioceraa cardatum, 
from the O^ordian. • x 


Peiisphinctes. Shell dilcoidal, ^external margii\^ rounded ; 
umbilicus gonerall]( large. • Bibs straight, continuous, bifurcating 


278 MOLLUSCA.^ CEPHALOPODA 

once or more near the external border. Constrictions are* often 
prelfent at intervals on the whorls. Sutures much divided ; external 
and superior lateral i^obes large. Inferior Oolite to Qretaceous. 
JEx. P. plicatilisy Corallian. 

Peltoceras. Umbilicus large ; whorls generally quadrilateral, 
with broad external margin, the inner whorls with numerous con- 
tinuous ribs, most of which divide near the external margin, across 
which they extend; the ribs ^ on the later whorls with two rows 
of tubercles on the sides, one near the outer, the other near the 
inner margin. Sutures moderately divided, with large external 
saddle. Kellaways Rock and Oxfordian. Ex. P. athleta, 

t 

Parkinsonia (hg. 107 A). Shell discoidal, umbilicus large ; 
ribs nearly straight, sharp, bifurctating near the external border, but 
interrupted at the external margin by a groove. Aperturg with 
processes from the sides. Body-chamber short. Sutures much 
divided ; external and superior lateral lobes deep ; saddles broad. 
Inferior Oolite. Ex. P. parkinsoni. 

Cosmoceras. Shell flattened; umbilicus moderately large. 
Ribs numerous, bifurcating at the middle of the sides of the shell, 
where there is generally a row of tubercles, and ending in a tubercle 
or spine at the external margin ; somelFimes with tubercles at the 
edge of the umbilicus. Body-chamber very short. Aperture with 
long lateral lobes. Sutures much divided ; the external lobe much 
shorter than the superior lateral lobe ; there are several auxiliary 
lobes. ^Inferior Oolite to Lower Cretaceous. Ex. C, jason^ Ox- 
fordian. 

• 

Hoplites. Shell flattened; umbilicus usually small. Ribs 
curved, bifurcating, an-J generally bearing a row of tubercles mear 
the external margin aiui another near the umbilicus or at the 
middle of the sides ; external margin flattened or deeply grooved. 
Sfitures finely divided ; Vnany auxik'ary lobes. Cretaceous. Ex. 
H. ipleridens^ H. inierrupius^ Gault. • 

Ac^nthodliraB. Who^rls thick ; umbliicus largo ; ribs simple 
or bifurcated, with 'rows of tubercles at the %ides and margin; 
external margin broad wkh a m&lian row of tubercles. Saddles 
broad. Chalk. Ex. A. rhotomagense, l^ower Chalk. 
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CVioceras. Shell coiled in a plane spiral ; the whorls not in 
contact. Surface ornamented with ribs which in some «as(Jls 
bifurcate^and often bear tubercles and spiyes. Sutures with four 
lobes. Jurassic to Chalk. Ex. C. ellipticum^ Chalk. 

t 

Ancyloceras. Like Grioceras, but the last whorl is produced 
in a straight line and then bent back in the form of a hook. Creta- 
ceous. Ex. A. spinigerum^ Gault. 

ScaphiteSi Shell coiled in A plane spiral; the whorls in 
contact and embracing, except the last, which is free from the spiral 
and then recurved in the form of a hook. Body-chamber long. 
Surface ornamented witii bifurcated ribs which often bear tubercles. 
Sutures generally much divided, with several auxiliary lobes. Upper 
Cretaceous. Ex. S. cequalis^ Lower Chalk. 

Schloenbachia. Shell with an umbilicus ; external margin 
broad with a smooth keel ; surface with strong ribs, which are 
slightly curved forwards and often bear tubercles. External and 
superior lateral saddles broad j one auxiliary lobe. Cretaceous. 
Ex. S. variansy Lower Chalk. , 


OBDER II. DIBRANOHIA 

The Dibranchia are represented at the pfesent day by 
the cuttle-fishes, the squids, the calamaries, octopuses, 
paper-nautilus, etc.; they are of much less importance 
geologically than the Nautiloids and Ammonoids, the only 
really tommon fossil forms being Belemnites and its allies. 
Some of the modern cuttle-fisTies^^aiu?r «*4 length of forty 
feet or more. / • ^ 

The Dibranchia (fi^. 102) Bav^ a s|ic-like or elpngatec^ 
body, and* possess one pair df ^itls only, and one pair of 
auricles. Th*e number of arms is limitec^ to eight or ten ; 
and on the inner side — that fkein^ the mouth — they are 
provided with rows of |ucking-discs,» which sometimes* 
possess horny Jiooks. ^ The jaws are not calcififed, and are 
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consequently seldom preserved in fossil specimens/ An 
ink«sac is always present, and is sometimes found fossil. 
The funnel is in thf form of a complete tube. •• 

, A shell is absent in some forms ; when present it is 
(except in Argonauta) internal, and may be either homy 
or calcareous. In some cases (Sepia) it has the form of 
an oval flattened body, known as the cuttle-hone, which is 
composed mainly of lamirated calcareous material with 
spaces between the laminae. In the squids the shell is 
lamellar in form and consists of horny material; it is 
termed the pen or gladius. The shell in the cuttle-fishes 
and squids is placed on the antero-dorsal side of the body 
in a sac formed by the mantle. In Spirula the shell 
resembles that of a Tetrabranch, but is internal, being 
almost entirely covered by the mantle ; it is situated at 
the dorsal end of the body, and consists of a tube coiled in 
a plane spiral and divided into chambers by septa, which 
are traversed by a siphuncle placed near the inner mar^n; 
the whorls are not in contact, and a calcareous protoconch 
is present. The shell in the paper-nautilus (Argonauta) 
is of quite %a diflerent nature to that found in other 
Dibranchs ; it is external and spiral, but not chambered, 
and is without muscular attachments; it is secreted by 
the terminal portions of the two anterior arms, and is 
found only in the female, serving for the reception of the 

eggs* . 

I The J)ibranchia are^ divided into two sub-orders : — 
(1) the Decapoda, (2)j!hc Octopoda. 

^ ^ /j <• 
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SUB-ORDER I. DEOAPODA 

Thei:% are ten arms, eight of eqrial .length and two 
longer than the others; the latter can be more or less> 
completely retracted ' within pits. 

The free ends of the arms • are 
swollen and suckers are usually 
borne on those ends only. The 
suckers are stalked and are provided ^ 
with a homy ring. An internal shell 
is always present. * 

Belemnites (figs. 120—122). The 
shell consists of three parts — the guard 
(fig. 120, a), the phragmocone (d), and the 
prO’Ostracum (fig. 121, d). 

The ^mrd is solid and is much more 
commonly preserved than the other parts ; a 
it varies considerably in shape and size, 
being cylindrical, fusiform, conical, etc. 

The end which was directed away from 
the mouth is always pointed, and at the 
other end there is a conical cavity or 
alveolus. The guard varies in length 
from one to fifteen inches. When sliced 
transversely or longitudinally it is seen to 
be formed of a number X)f layers (growth- Fig. 120. Longitudinal 
layers) arranged concentrically arounjJ an section of Belem- 

axial line, which is not quite central bul^"*-' ^ from the Ox- 

. , , # ford Clay, a, guard; 

18 placed nearer the under surface ; it M 6,phragm5conewith 

around this line that the first la^e/j protooonoh at the 
were secreted^; the layers bficome some* ^ siphunde. 

what thicker towards the pointed tod 

and thinner towards the broad end of the guar4# Each layer is 
formed of minute prisms of calcite, which are placed perpendicular 
to the axial line, thus producing a radiating fibfous appearance in 
cross-sections. The surface of the guard is sometim& smooth. 
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or it •may be granular, or furnished with ramifying vascular 
«imf ressions ; in some species there is a longitudinal groove on the 
under surface. ' ^ 



Fig. 121. Phragmocone and pro- 
ostracum of Belemnites from 
the Lias. Restoration by G. C. 
Crvck. a, phragmocone ; b, 
front border of phragmocone ; 
Cylast septum of phragmocone; 
d, pro-ostracum. x J . 

« 

The phragmocone (fig3^ 120, h\ 



Fig. 122. D’Orbigny’s restoration 
of a Bolcmnite (under surface), 
showing the probable positions 
of the guard, the phragmocone, 
and the pro-ostracam. 


121, a) is a hollow cone, part of 
which fits into the alvecjSis* at the broad end of the guard ; it is 
divided into chambers IfV septa wlfich are concave in front ; a 
siphuncle (fig. 120, c) traverses the chambers at the under 
margin ; at that pointed end of the phragmocone is a globular or 
ovoid protoconch formed ot calcareous material (figs. 120, 121). 
•The phragmocone is homologous(kith the entire shell of a Nauti- 
loid or ah Ammonoid ; in its conical form and simple sutures it 
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resenibles Orthoceraa^ but the calcareous protoconch and ‘slender 
marginal siphuncle seem to connect it more closely with the«An»- 
monoids.. The wall of the phragmocone (sometimes termed the 
conotheca) is very thin, and in well-preserved specimens the upper 
part is found to be produced in front into a large laminar expansioh 
(fig. 121, rf) ; this pro- 
longation is known as 
the prO’Ostracumy and 
corresponds to the ‘ pen ’ 
of the* squids. The head 
of the Belelnnite was im- 
mediately in front of the 
pro-ostracum. The suck- 
ers on the arms were 
provided with horny 
hoolM, which are some- 
times preserved fossil 
(fig. 122 A) ; there was a 
double row of hooks on 
each arm, but only eight 
double rows have yet been found in any specimen ; two other 
arms, with or without hooks, may have been present. The ink-sac 
and mandibles have alsA been found in some specimens. The 
probable positions of the guard, phragmocone and ijro-ostracum in 
the body of the Belemnitc are shown in fig. 122, from which it is 
seen that the guard formed a relatively small part of the entire 
length of the animal. The ‘genus’ Belemnites is founded mainly 
on the characters of the guard, and includes an enormous number 
of species. Probably if the soft parts were known, they would 
show such differences as to indicate a number of distinct genera. 
Lower Lias to Upper Cretaceous. Lias; B. owen% 

Oxford Clay, etc. ; B, hastatus^ Oxford Clay. 

Belosepia^ found in the Eocene, is related to B^emnitcf^ bu( th^ 
guard is coi»iderably reduced in ^ze, and the septa curve fonward 
from the broad'siphunclc towards the pro-ostracum. Spirulirostray 
from the Eocene ancf Mipcene, is another allied^ form ; it* possesses 
a small guard eifding in a point, and the first part of the phragmo- 
cone is coiled. In Sepia (EJbene tci Recent*), the laminae which 
form the main pfrt of tbp shell, are believed to represent the septa 


c 
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Pig. 122/1. Belemnites, Lias, Lymo Regis. 
Showing hooks indicating the presence 
of eight arms (a — h ), . x 
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of tbe^phragmocone, whilst the guard is reduced to a small ifainted 
^ro^ess (or mucro) at the end. Spirula has not been found fossil. 

Belemnitella. * Similar to Belemnites, Guard cylindrical, 
j^ith a slit at the under side of the alveolus. Distinct vascular 
impressions on the under surface of the guard. Upper Chalk. Ex. 
B, mucronata, 

• * 

AxitiXLOC?LT[i3X{=AtractiUtes). ^\m\\sir to Belemnites. Front 
part of guard either conical ortbroadly funnel-shaped, and either in 
contact with the protoconch only or surrounding only the apical 
part of the phragmocono. Front part of guard often "fragile and 
foliaccous owing to imperfect calcification. Chalk. A. plemi>s^ 
Lower Chalk ; A, quadratus^ Upper Chalk. 

AulaC0C6ras. Similar to Beleninites. Guard relatively 
short, with a groove extending down each side. Phragmocone 
much longer than the guard, with siphuncle at the margin, and 
septa rather widely separated ; surface of phragmocone with 
longitudinal lines. Pro-ostracum unknown. Upper Trias. Ex. A, 
reticvlatum, 

• 

Bel6ninot6Uthis. Guard much reduced, forming a thin 
layer over the phragmocone, with a groove on the upper side 
starting from the pointed end. Phragraotjono broad, with numerous 
septa, a marginal siphuncle, and septal necks. Pro-ostracum rela- 
tively small, seldom preserved. Ten arms bearing hooks. The ink- 
sac is sometimes found. Chiefly Oxfordian. Ex. B. antiqua. 


SUB-ORDEE II. OCTOPODA 

« 

There are s only; the suckers are sessile sind 

possess no horny ring. X’he shell is rudimentary or absent. 

and Argoi^auifi* wco well-known examples of this 
group. The Octopodaf M-*might be expected from the 
general^ absence^ of a shell, are very poorly represented in 
the fossil state; tbe.earlifcst known form js Pateoefopus 
from the Chalk of Lebanon, ^rgoriauta has been found 
in the Plibcene Beds. 
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Distribution of the Cephalopoda 

Nautiloidea. At the present day the Nautiloidea^ 
are represented by only four species of Nautilus,^ which 
are found in the Indian Ocean and the East Indian 
Archipelago (from Sumatra to Fiji). Nautilus is an 
active swimmer, and lives in ^irly shallow water. 

This group appears much earlier in the geological 
series than either the Ammonoidea or the Dibranchia; 
the early forms are* either straight or slightly curved ; 
subsequently genera with spiral shells appear. Primitive 
forms {Volhorthella) are found in the Lower Cambrian; 
and Wo other types {Orthoceras and Gyrtoceras) appear 
in the Upper Cambrian (Trernadoc Beds). In the Ordo- 
vician the Nautiloidea are very much better represented 
than in the Cambrian, and the group attains its maximum 
development in the Silurian, where the number of species 
is very great ; it decreases slightly in importance in the 
Devonian and Carboniiferous, and is but poorly represented 
in the Permian. The only genus which extends beyond 
the limit of the Palaeozoic period is Orthoceras, which is 
found in 'the Trias. Nautilus occurs first iii the Trias 
and is abundant in the Jurassic and Cretaceous;* in the 
Tertiary it is rare*; Aturia appears in the Eocene and 
Miocene. 

Ammonoidea. The geological Tange of the Ammonoi- j 
dea is shorter than that of the NAptiloidea. The earliest 
representatives of this sub-order art? found in the Devonian;" 
the latest in the Chalk. The group is especially abundant 
in the Mesozoic formations. Glymmia is^imite(f to the 
Devonian; ‘goniatites* als^o occur in the rocks of that 
system, but are more numerous *in the Carboniferous — 
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OlypkiocercLS being especially characteristic of the latter. 
Anftnonites appear first in Permian deposits ; throughout 
the Mesozoic rocks Jihey are extremely abundant, attaining 
their maximum in the Lias. In the Cretaceous there is 
a remarkable development of more or less completely un- 
coiled Ammonoids, e.g,, Hc^mites, Macroscaphites (hg. 115), 
Baculites, Crioceras, and Scaphites ; and there is evidence 
showing that, in most cases, these 'genera^ include species 
which have descended from more than one genus of am- 
monites. The abrupt disappearance of the Ammonoidea 
at the end of the Cretaceous period is remarkable. 

Dihranchia, The Dibranchia are more numerous and 
more varied in existing seas than they were at any former 
period. Some forms are pelagic, others abyssal, but the 
larger number are found in littoral regions and are dis- 
tributed in provinces similar to those of other molluscs 
(p. 251); typical littoral gener,a are Octopus, Sepia, and 
Loligo. 

The Dibranchia are unknown ip the Palseozoic forma- 
tions, the earliest examples {Aulacoceras, Phragmoteuthis) 
appearing in the Trias. Belemnites is the chief form in 
the Jurassic and Cretaceous, and is especially abundant 
in the %clayey beds. Geoteuthis occurs in the Lias; and 
Belemnoteuthis, Plesioteuthis, etc. in the Upper Jurassic. 
Belemnitella is limited to the Upper Chalk. Dibranchs 
are relatively ii»«y4fr ti^ Focene and Miocene ; Belemnites 
^is absenVbut is represenled by Belosepia and Spirulirostra. 
^ «.Th€ principal g3nen'- of Cephalopoda are : 

« * • 

Cambrian. Volborthella i\i the Lower Cambrian ; Orthoceras 

and Cyrtoceras in^bhe Tremadoc Beds. • 

• • * 

„ Ordovician. Ortlioceraa, Cyrtocerps, Endoceras, PUoceras^ Cond^ 
ceras. 
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Silurian. OrtJiocera>Sy Cyrtocerda^ Actinoceras^ Q<mphocera$y 
PhragmoceraSy TrochoceraSy AscoceraSy Ophidigceras, , 

Devouj^n. Nautiloidea : — OrthoceraSy Cyrtoceras, Ammonoi- 
dea : — Clymmiay BactriteSy MimoceraSy Aimrcestesy Tornoceras, 

Carboniferous. Nautiloidea : — OrtlioccraSy GyrtoceraSy ActinoceraSy 
PoterioceraSy Discitesy VeMinautiluSy CcelonautiluSy PleuronautUuBy 
T&nnocJieilus, Ammonoide^i : — GlyphioceraSy Gastriocerasy Pro- 
lecanites, 

Permian. Nautiloidea : — OrthoceraSy Temnocheilus. Ammo- 
noidea : — Medlicottiay Cyclolohm, 

Trias. Nautiloidea '.-^Nautilvsy Orthoceras. Ammonoidea : — 
PinacoceraSy CeratiteSy Trachycei'os, PtychiteSy ArcesteSy CladisciteSy 
MonophylliteSy Rhacophyllites, Dibranchia : — AulacoceraSy Atrac- 
titeSy Phragmoteuthis. 

Lias. Nautiloidea : — Nautilus. Ammonoidea : — PhylloceraSy 
LytoceraSy PsiloceraSy ArietiteSy ^goceraSy LiparoceraSy OxynoticeraSy 
AmcdtheuSy Schlotheimiay IlarpoceraSy llildocerasy GodoceraSy Da>cty- 
lioceras. Dibranchia : — BelemniteSy XiphoteuthiSy Geotmthis. 

Oolites. Nautiloidea : — Nautilus. Ammonoidea : — Ludwigiay 
Leioc&raSy IlaploceraSy StepheoceraSy MacrocephaliteSy GardioceraSy 
QuenstedtoceraSy Perisphinttesy Peltoccrasy Aspidocerasy Parkinsoniay 
GosTmtceras. Dibranchia : — BelemniteSy BelemnvteuthiSy Acantho- 
teuthis, ' ^ 

Lower Cretaceous. Nautiloidea : — Nautilus, Ammonoidea : — 
Macroscaphitesy Hamitesy Holcostephanusy DesmoceraSy ParaJiopliteSy 
Douvilleicerasy Grioceras. Dibranchia : — Belemnites. 

Uppef Cretaceous. Nautiloidea: — Nautilus. Ammonoidea: — 
HcdhiteSy TurriliteSy BaciditeSy Desmocex^js^ Pachydiscusy HopliteSy 
AcanthoceraSy Scaphites, Schloenhachia. '^^Dibranchia : — BelemniteSy 
Belemnitellay Actinocamax. » i 

» 1 , ^ , 

Eocene. 'NaMti\oide&:—NautiluSy Ai'kria. Dibranchia .‘—Bdo- 
sepitty Belopteruy Spirulirostra. 
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1. CruBtacea 


Sub-classes Orders 


(1. 

Trilobita. 



2. 

3. 

Branchiopoda. 

Ostracoda. 



4. 

Copepoda (not fossil). 



5. 

Cirripedia. 

fl. 

Leptostraca. 



2. 

Syncarida. * 



3. 

Sohizopoda. 



4. 

Cumacea (not fossil). 

,6. 

Malacostraca i 

6. 

Tanaidacea (not fossil). 



6. 

Isopoda. 



7. 

Amphipoda. 



8. 

Stomatopoda. 



U. 

Decapoda. 


2. Onychophora (not fossil). 

3. Myriapoda. 


4. Insecta 


6. iurachnida 


1. Merostomata. 


2.«.uEiUarachnida, 


^ 1. Aptera. 

2. Orthoptera. 

3. Neuroptera. 

4. Lepidoptera. 

5. Coleoptera. 

6. Hemiptera. 

7. Diptera. 

,8. Hymenoptera. 

Jl. Xiphosura. 

(2. Eurypterida. 

1. Scorpionida. 

2. Pedipalpi; 

3. Aranefda. 

' 4. Pseadoscorpionida. 

5. Phalangida 

6. Acarina. 
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The [^Arthropods have a bilaterally symmetrical 'body, 
formed of a series of segments, but the segments are ^lo'^ 
all aAike^ and some are fused together. Some, or all of 
the segments, bear a pair of jointed appendages or limbS; 
those near the mouth being modified to serve Jis jaws. 
A chitinous cxoskeleton is always present, and is often 
strengthened by the deposition of carbonate or phosphate 
of lime ; between the segmen^is the integument remains 
soft and flexible, so that movement of the parts of the 
body is rendered possible. A heart is found in most 
forms ; it is placed dorsally, and is provided with paired 
slits, termed ostia. The body-cavity contains blood. In 
some forms respiration takes place by means of the general 
surface of the body ; others are provided with special 
organs — gills (or branchiae), tracheae, or lung-books. The 
gills are generally thin projections of the skin borne by 
some of the appendages ; the tracheae are long, branching 
tubes, filled with air, whicli penetrate all parts of the body 
and open to the exterior; the lung-books are chambers 
containing leaf-like folds of the skin. The nervous 
system consists of a supra-oesophageal ganglion or brain, 
connected by a ring round the oesophagus, with a ventral 
cord, usually provided with ganglia, and placed beneath the 
intestine. The sexes are separate in the majority of forms. 

The-Airthropoda are divided into the following Classes: — 
(!)• Crustacea, (2) OnychophoiA, (3) Myrif^poda, (4) In- 
secta, (5) Arachnida. The Onyeliophora include one 
genus only — Feripatus, which ha^ not, been found fossil. 

CLASS 1. CRUSTACEA^ 

« • 

The Crustacea are mainly aquatic j^nimals, and ar§ 
abundant as fossils; they breathe* generally by# means of 

19 
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gills, ‘but in some cases respiration takes place tljpough 
SiheP general surface of the body. The chitinous exo- 
skeleton is frequently hardened by a calcareous deposit, — 
, hence the name Crustacea. Segmentation is usually well 
marked, but in the Ostracoda is shown by the appendages 
only. The exoskeleton oi^ a segment consists of a dorsal 
part, the tergurriy and a ventral part, the sternum. Three 
regions may be distinguished in the body : — the head, the 
thorax, and the abdomen; but in the lower forms the 
abdomen is often not clearly marked off from the thorax. 
In the head there are five segments fused together, but ex- 
ternally these (except in Trilobites) are indicated only by 
the appendages. The number of segments in the thorax 
and abdomen is variable in the lower Crustacea, but is con- 
stant in the Malacostraca. In many forms some or all of the 
segments of the thorax fuse with those of the head, forming 
a cephalothorax. In many Crustacea there is a dorsal shield 
or carapace which covers part, or sometimes the whole, of 
the body, and originates as an outgrowth from the pos- 
terior margin of the dorsal part of the head. The head 
usually beUi s five pairs of appendages, viz. : — two pairs of 
feelers (the antennules and antennae), one of mandibles, and 
two of maxillae ; the first two pairs are in front of the 
mouth. The thorax is also provided with appendages, 
and often the abdomen too. The mandibles and maxillae, 
and frequently some, of Jjhe anterior thoracic appendages, 
serve as jaws. The Crustacean appendage is typically 
biramous, consistiijig o^U basal part (the protopodit^ bear- 
ing two branches — the iniier called the erdopodite, and 
the outer termed the exopodite. The protopodite usually 
consist's of two'segmpnts-'-a proximal or coxopodite, and a 
distal or basipodite. The m(|uth is on the under surface 
of the head, and the anus is on the ^ last segment (the 
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telson\ of the abdomen. •Eyes are generally present^ 
commonly a pair of compound eyes, and sometimes a 
median simple eye. The sexes are Separate except in 
most of the cirripedes and in some parasitic isopods. In* 
the Malacostraca the genital apertures are on the sixth 
thoracic segment in the male, and on the eighth in the 
female ; in the Entomostraca the position of the apertures 
is variable. * 

In some Crustacea development is direct, that is to 
say, the young individual has the same form as the adult ; 
but generally this is not the case, the young undergoing 
metamorphosis before reaching the adult stage. The two 
chief -larval forms are known as the nauplius and the 
zocea. In the nauplius the body is unsegmented, and 
possesses three pairs of appendages representing the two 
pairs of antenna) and the mandibles. In the zosea stage 
some of the thoracic appendages are present also, and the 
abdomen is segmented but possesses no appendages. 

The Crustacea are •divided into six sub-classes: — 
(1) Trilobita, (2) Branchiopoda, (3) Ostracoda,^(4) Cope- 
poda, (5) Cirripedia, (6) Malacostraca. The Copepods are 
not definitely known as fossils. 

The first five sub-classes are usually grouped together 
as the Entomostraca*, but they differ considerably from 
one ^anotber and are not united by the possession of 
important features common to aii. In comparison with 
the Malacostraca they are generally ^of simple organisation, 
usually with the number ^f segmeif^s iii the •thorasT and 
abdomen vai^ii^g widely, and (with the exception of tfie 
Trilobita) they are, generally of small sisie, with the 
abdomen usually ending in a caudal fork, and often 
without a clear differentiatiiln of the trunk int^ thorax * 
and abdomen. A*median unpaired eye is usually present. 

19—2 
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CRUSTAC] 


TRILOBITA 


SUB-CLASS I. TRILOBITA 

tr 

The Trilobites derive their name from the fact that the 
body is divided into three parts, by means of two furrows, 
which extend from the anterior to the posterior extremi- 
ties ; this trilobation is usually conspicuous, but in a few 
genera {e.g, Homalonot'dsy lllcmus), it is indistinct or 
almost obsolete. The body is oval in outline, and flattened 
from above downwards; it consists of the head (fig. 123 A), 
the thorax (B), and the pygidium or abdomen (C). The 



~Fig. 123. Calymene tuberculUa, from the Wenlock. Limestone. Dorsal 
surface. Al ^ead; B, thorax; C, pygidium or abdomen, a, glabella ; 
a', axial furrow.; b, one*of the glabella furrows; neck-furrow, 
f behind which, is the neck-ring; d, facial suture; e, eye; /, free 
cheek.; 0, fixed cheek h, genaf. angle ; i, axis of thorax ; k, pleura. 
Natural size. , 
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segmeipts of the head an^ the. pygidium are •fused 
together, but those of the thorax remain free. Traced o# 
the alimentary canal are sometimes fjund in the middle 
or axial part of the Trilobite. , 

The dorsal surface of the body is protected by ajstrong, 
calcareous exoskeleton. The part which covers the head 
is known as the hmd-shield or cephalic shield, and is 
usually semicircular or triangi;lar in shape; in it may 
be distinguished a median and two lateral portions ; the 
former is the more convex and is termed the gla hella (a), 
the latter are the cheeks. The glabella is marked off from 
the cheeks by means of a furrow on each side, known as 
the axial furrow {a). The form and relative size of the 
glabella vary in different genera; in some it extends quite 
to the anterior margin of the head-shield, in others only a 
part of the way (fig. 131); sometimes it is wider behind 
than in front ; in other cases it is wider anteriorly, or it 
may be of uniform width Ihroughout ; its convexity also 
varies considerably — it may be nearly flat, but is some- 
times pear-shaped or spheroidal. The segmentation of 
the head is indicated by transverse furrows on Ijhe glabella 
(6), — often three on each side ; in some cases the opposite 
furrows from the two sides meet at the middle of the 
glabella. On the posterior part of the glabella there is 
another rfurrow, which extends quite across it and is con- 
tinrted on to the cheeks ; this is known as the neck furrow 
(6'), and the segment of the glabella behind it is the neck- i 
ring. These furrows indicate tJh»^exis|fence of five seg- 
ments in thg head. In jfrimitive triobites all the furrows 
are distinct, bht in others some* especially the anterior 
furrows, become intiisfeinct or obsolete. * 

The cheeks are more or less triangular in shape, and 
usually less convex than the^glabella ; they are frequently 
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bordered by a flattened lor ^concave margin whiph in 
^Trinucleus is very broad and highly ornamented^ The 
posterior angles of ^ the cheeks, known as the ger^l angles 
,(A), may be rounded {e.g. Galymene\ but are often pointed 
or produced into spines, the genal spines (e.g. Paradoosides, 
fig. 130). Each cheek is usually divided into two portions 
by a suture (the facial suture, d) ; the inner part — that 
between the facial suture ^and the glabella — is termed the 
fixed cheek {g) and is immovable; the outer part, known 
as the free cheek (/), is slightly movable on the fixed 
cheek. The course of the facial suture varies in different 
forms : it may commence on the posterior border inside 
the genal angle (fig. 132), or at or near the genal angle (A), 
or on the lateral border in front of the genal angle ; it 
passes inwards to the eye and then bends forwards, and 
may be continuous with the suture of the other cheek in 
front of the glabella, or it may cut the anterior margin of 
the head-shield, in which case it is sometimes united with 
the suture of the other side on the inferior surface of the 
head (fig. 125, d). When the sutures are continuous in 
front of tlit glabella it is evident that the cheeks will ‘also 
be continuous. Since the position of the facial suture 
varies in different genera the relative sizes of the fixed 
and free cheeks will obviously vary too ; thus in Illcenus 
the free cheek is very narrow, in Phillipsia very broad. 
Owing to the fusion ollijfe fixed and free cheeks the facial 
^ suture is sometimes absent {e.g. some species of Acidaspis)] 
this is probably filso^thV3 case in Agnostus, Miorodiscus 
and a few other genei<a, ; but according to Beecher a facial 
suture is present in Agnbstus and is either at the margin 
or on *the veiifral surface of the cephalic shield, and the 
free cheek is then on the ventral surface; this view, 
however,* is not accepted by^ Lindstrom* and Holm. 
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• 

The eyes (fig. 123, ^)^ar| on the upper surface of 
the head, one on each free cheek in • • 

the angte made by the facial suture ; ^ 
they are more or less conical with 
the summit truncated or rounded, 
and with the visual surface on the 
external part. The eyes are usually 
compound, and in most cases, con- 
sist of a large number of lenses — in 124. Mgiiwi hi- 

n , -j J.T. 1. • i. i 1 nodom, Arenig Beds. 

Jtemopleunaes the number is stated Natural size. 

to be 15,000. Usually the lenses 

are biconvex or globular and adjacent to one another, but 

in Phacops and its sub-genera the eyes are more highly 

dev^oped, the lenses being separated by portions of the 

cephalic shield so that each appears to rest in a separate 

socket. The eye is entirely on the free cheek, but rests 

on a lobe or buttress on the adjacent part of the fixed 

cheek. In a few Trilobites the eyes are said to be simple ; 

for example, in Harpes each eye usually consists of two or 

three lenses only; but it is probable that in such cases the 

eye is a degenerate form of compound eye rather than a 

simple eye. In a few genera {Agnostus^ Microdiscus, 

Ampyx) eyes are absent ; in jEglina (fig. 124) they are 

unusually large, occupying the greater part of the free 

cheeks.. Many of *the Cambrian Trilobites which have 

usually been regarded as pos&'bssing eyes ,(Pamdo^fde5, 

Olenus, Sao) are considered by Lindstrdm to have been# 

blind, since the eye-like lobe, which is, present, shows no 

indication of structure ‘and difierj in development from 

that of the eyes, which always •appear in close connexion 

with the facial sutUra In many CarnbriAh and sbme few 

later Trilobites a thread-like ridge, cajled the eye-Un^^ 

extends from the eye to ilie glabella. • 
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on the under surf^e of 



-Fig. 126. 
rian, 


Calymene tuberculata^ Silu- 
Yentral surface of head, 
a, hypostome ; marginal rim ; 
c, facial suture ; d, transverse su- 
ture ; f , rostral plate. (After 
Barrande.) Natural size. 


Tlfe head-shield is con 
the ^ head as a reflexed 
border or marginal rim 
(fig. 125, 6); sometimes 
the facial sutures (c) are 
continued across this bor- 
der, and they may be 
joined by a transverse 
suture id). Attached to 
the border in the median 
line is a plate (a), usually 
oval or shield-shaped, 
situated just in front of the mouth and known as the 
hypostome 01 lahrum (fig. 126). Just behind the mouth 
is the small lower lip-plate or metastoma (fig. 128 A, m), 
which, up to the present time, has been found in Tri- 
arthrus only. 

In many Trilobites a small oval or elliptical area, 
sometimes slightly raised like a 
tubercle, in other cases depressed, 
is found on'^3ach side of the hypo- 
stome just behind the middle of 
its oute,r surface (fig. 126); these 
maculce are sometimes entirely 
smooth, but in other cases a part, 
or the whole of the surface^, shows 
'a structure similar to that of the compound eyes on the 
^dorsal .surface of the hf^ad, arid such were probably visual 
organs. Maculae are %ot known to occur inr any other 
Crustacea. 

The thorax*" (fig. 1^3 B) consists of a' series of segments, 
M^hich vary in number from two to twenty-nine, and are 
movable hpon one another, in some cases sufficiently to 



Fig. 126. Hypostome of 
Asaphus tyrannWi from 
'the Llandeilo Beds. Be- 
duced. ® 
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enable the animal to ro^ ij^self up like a woodlouse. 

Each^segment is divided into a median and two la4er«l 

parts by means of two furrows. TJie median or axial 

part is more convex than the lateral, and forms the axi^ 

(i), the lateral parts being known as the pleurce (4). The 

anteriorpart (fig. 127,c)of ^ ^ ^ ^ 

the axis of each segment 

is not visible when the ^ 

animal is unrolled, since it ^ , , ,, 

. . rig. 127. Dorsal surface of a thoracic 

IS bent down and is over- segment of Asaphus expamm, a, 

Upped by fte priding 

segment, for which it pleura ; d—g, pleura ; e, fulcrum ; 
r i* 1 /• /.facet; /i, groove on pleura, 

forms an articular surface. * ® ^ 

The pleurae in some genera possess a longitudinal ridge, 
in others a groove (A), or both ridge and groove may 
occur; a few forms have plane pleurae. Each pleura, at 
some distance from the axis, is curved downwards and 
usually also backwards; Ihe point where this curvature 
occurs is known as the fulcrum {e ) ; sometimes the outer 
part of each pleura overlaps the anterior part of the suc- 
ceeding one, and then the front part of the pleura beyond 
the fulcrum may be smooth and flattened so as to form an 
articulating surface or facet (/). The terminations of the 
pleurae are in some cases rounded (fig. 127), in others 
pointed or produced into spines (fig. 130). 

• The pygidium or abdomeil (fig. 123 0) is commonly 
triangular or semicircular in shape, and is formed of a 
variable number of segments, *wl^ich differ from those of 
the thora^ in being filsed tngetljer and immovable,; on 
the dorsal surface the segmentation is shown by grooves 
only. The pygidium, like the thorax, 4^ divided into a 
median part or axis, and lateral portioiis. The axis m^y 
reach quite to the posteriefr extremity or only ^lart of the 
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* 

way, and it tapers more tepidly than the axis of the 
t^ioj;ax ; in Bronteus it is very short. The margin ^f the 
pygidium may be even or entire, or may be provicjed with 
a posterior spine or with lateral spines. This margin is 
bent under so as to form a border on the ventral surface 
similar to that on the ventral surface of the head. 

For a long time the appendages of the Trilobites were 
unknown. In the great majority of specimens, when the 
under surface is exposed, the only parts which are found 
to be preserved are the hypostome and the reflexed borders 
of the dorsal exoskeleton. But in roJled-up specimens of 
Galymene and Gheirurus, Walcott showed, by means of thin 
sections, that jointed appendages are present on the head, 
thqrax and pygidium, and that the ventral surface of* the 
body is formed of a thin, uncalcified cuticle, strengthened 
by transverse arches. 

More recently specimens in which the body is not 
rolled up, showing clearly the ‘ventral surface with the 
appendages, have been obtained from the Utica Slate 
near Kome (New York), and have been fully described by 
Beecher. The most important of these belong to the 
genus Triarthrus (fig. 128). Each segment of the body, 
excluding the last (or anal), is found to bear one pair of 
appendages, which, with the exception of the first, are 
biramous. On the head there are five pairs of append- 
ages. The fir^t are the long antennas which consist of a 
Jarge basg,! joint and numerous short conical joints and 
are attached on each aid^ of the hypostome (A); these 
Spp^ar to be the only appendages^in front of ^he mouth, 
and are considered by Bfeecher to represent' the anten- 
nules (or anteiior antennas) of other Crustacea. The 
remaining four pairs of appendages of the head are 
biramous and all appear^to ha^ nearly the same form but 



CRUSTACEA. TRILOBITA 


299 


increase in size backwards : the second pair are considered 
to re\)resent the antennae? tne third the mandibles^ aiyi 
the fouj^th and fifth pairs the maxillae of other Crustacea. 
Each maxilla consists of a large basal joint (the coxopodite) 
which bears a stout endopodite and a slender exopodite ] 
the latter carries a row of hairs or setce ; the inner edge of 
the coxopoditc is toothed amf served as a jaw (gnatho- 
base); whilst the endopodite and exopodite assisted in 
locomotion. 



Fig. 128. Triarthrus becki, from Slate (Ordovician] near Rome, 

New York. (After Beecljer.) t * • * >mmm 

A, view of the ventral surface *showidg appendages, etc. ^,*hypo- 

stome ; m, zhetastoma. x 1}. * 

B, diagrammatic section throi^h the seco>j|d thoracis segment, 

a, endopodite' ; &, exopodite. • 

C, dorsal view of second thoracic leg. endopodite; b, exopo- 
dite ; c, coxopqdite with gnafhobase. * Enlarged. • 
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Thfe appendages of the ^hopx are long, but gradually 
decrease in size backwards, and consist of a coxoj^odite 
(fig. 128 C, c) bearii\g the endopodite (a) and tha'exopo- 
dite (6) which are of nearly equal length. The endopodite 
is formed of six joints, and probably served as a swimming 
organ. The exopodite consists of a long basal joint fol- 
lowed by a part consisting of numerous short joints; it 
bears setae along its posterior edge and w^is probably 
adapted for crawling. The inner prolongations of the 
cOxopodites served as jaws. The limbs in each pair are 
widely separated, and in each segment the ventral cuticle 
between their bases is strengthened by a median longi- 
tudinal ridge and one or two oblique ridges on each side. 
On the posterior part of the thorax some of the joints of 
the endopodites become flattened. 

The appendages of the pygidium are similar to those 
on the posterior part of the thorax, but are more distinctly 
leaf-like owing to the flattening*and expansion of the first 
segments of the endopodite which bear setae ; the exopo- 
dite is slender. The anal opening is on the last segment 
(or telson) Ifear the end of the pygidium. 

In some fine-grained deposits, especially in the Lower 
Palaeozoic rocks of Bohemia, the larval forms of Trilobites 
are found well preserved, and by obtaining specimens of 
different ages it is possible to trace out the changes which 
occurred in the developmSnt of the individual. In the 
earliest stage (fig. 129 A), called the protaspis by Beecher, 
the boc^ is discoid or ov^td in 'form, and consists of a large 
cephalic region and a^smatl py^idial part; tihe axis is 
distinct, and is marked iJy furrows; eyes, when present, 
are at of near tlbfe outer front margins *of ^he shield (fig. 
129 E), and the free cheek, if visible on the dorsal surface, 
is narrowXG)- The gfabella ^usually reaches the front 
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margin of the head. In lajer /stages the pygidium hfecomes 
moreMistinct and increases in size; and the thoracic^ seg- 
ments are gradually introduced betwpen the head and the 
pygidium (C, D). At the same time the eyes move bacli- 
wards and inwards until they attain their adult .position, 
and the free cheeks increase^ in size (H). The glabella 



Fig. 129. DevelopmenP of Trilobites. (After Barrande.) 

A — D. Sao hirsuta, Cambrian, Bohemia. A, earliest stage (protaspis), 
xl2. B, later stage ^with three segments behind the head, xl2. 
C, with more distinct glabella furrows, and four segments behind 
the head, x 12. D, with six segments behind the hea^ x 10. 

E— H. Phacops {Odontochile) socialis, Ordovician, Bohemia, x about 8. 
E, earliest known stage, with eyes at the margin, and three segments 
behind the head. F, later stage with more distinct furrows oh the 
glabella, and four segments behind the head. G, with %yes moved 
inward, and narrow free cheeks; six segments behind the head. 
H,)ree cheeks relatively larger and eight segments behind the head. 

• • 

often becomes rounded in front and relatively shorter; i^s 
furrows become more disbinctf ii|j3icating the existence of 
five cephalic segments.* Sin«e in ihe earliest stages ^>1*^11 
Trilobites the free cheeks are either absent from the dorsal 
surface or aje Aarrow, Beecher ^regarfS the Trilobites 
which retain this character in the adult state as mgre^ 
primitive than those in Vhich *the free cheek becomes 
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relatively large and the firedi' cheek narrow. Be^.cher 
considers that the protaspis of Trilobites corresponds to 
one of the nauplius «tages (the metanauplius) of recent 
Ofustacea, but that view is not accepted by Kingsley. 

The possession of antennae, the biramous character of 
the other appendages, andfthe presence of five cephalic 
segments, show that the Trilobites^ belong to the Crustacea. 
The great variability in th^j number of segments in the 
thorax and pygidium, the leaf-like character of the ap- 
pendages on the posterior part of the body, the large hypo- 
stome, and the gnathobases on the tlioracic appendages 
seem to indicate that the* Trilobites are related to the 
Phyllopod division of the Branchiopoda (p. 312), and .es- 
pecially to Apus and Branchipus, But the Trilobites differ 
from the Phyllopods in the trilobation of the body, in the 
occurrence of a facial suture, in the posterior segments 
being fused together to form ,a pygidium, and in the 
absence of a caudal fork. In the character of their append- 
ages the Trilobites are more primitive than any other 
Crustacea, smce all except the first pair are very similar 
in structure and show but little specialisation in different 
regions of the body, and all are deeply biramous. Other 
primitive^ characters are seen in the indication of segmen- 
tation on the dorsal surface of the head, and in the presence 
of a pair of appendages on eypry segment of the body except 
the last. The Trilobites differ from most other Crustacea 
ifi having only one pair of antenniform appendages. 

w-The Trilobites sh5w s(toe resemljilance to the Xiphosura 
(p. 338), and before their appendages were kR<3^wn, they 
were thought by some writers to be allipd to that group. 
But they are clearly separated from tlie Xipkosura by the 
presence of five cej^halic i^egmenf-s, the biramous character 
of the appendages, the occurrence^ of antennae and a 
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hypostome, and by the stri]^tij"e of the eyes, as welf as by 
the at)sence of a genital operculum, and the presendfe df 
one pair»of eyes only. , 

AgnostUS. Body small, head-shield and pygidium similar iif 
form and size ; eyes and facial snture absent ; glabella does not 
reach the anterior border of the head, and has a small lobe at each 
of the posterior angles. Thorax formed of 2 segments, axis wide, 
pleurae grooved. Segmentation not shown on the lateral parts of 
the pygidium. Olendlus Beds to ftala Beds. Ex. A. pisiformiSf 
Lingula Flags. 

Microdiscus. Similar to A gnostus but with 3 or 4 segments in 
the thorax, and axis of pygidium with numerous distinct segments. 
OUneUus Beds to Lingula Flags. Ex. M. puyictatus^ Lingula Flags. 

Trinucleus. Head-shield large, with long genal spines, and 
a broad flat, ornamented border ; glabella inflated, pyriform, furrows 
sometimes absent. Eyes generally absent. Facial suture absent or 
indistinct. Thorax formed of 6 segments, pleurso grooved, straight, 
but slightly curved near their extremities. Pygidium short, tri- 
angular, margin entire. Arenig to Bala Beds. Ex. T, concentricus, 
Bala Beds. 

AmpjTX. Similar to^ TriniLcleus. Head-shield triangular, 
without a border, and with a long straight spine given oflF from the 
front of the glabella ; facial sutures near the external margin, not 
continuous in front ; free cheeks very narrow. Arcnig to Wenlock 
Beds (chiefly Ordovician, only one species in the Silurian). Ex. A, 
nvdiLS, Llandeilo Beds. * 

Harpes. Resembling Trinucleus^ but border of head- shield 
broader, finely punctate, and extended posteriorly to near the end 
of the thorax instead of bearing narrow genal spines. Glabella 
short, convex, not expanded in front. Eyes consist of 2 or 3 lenses, ^ 
and are usually joined to the front partt of gh^bella by an eye-line. 
Thorax with 22 to 29 segments ; axis nariyw, pleura? long, gJ’OoyedT 
Ordovician to* Devonian. Ex. H, ungula^ Ordovician. ^ 

ParadOXides ($g. 130). Body large, elj^ated, narrowed 
posteriorly. Head-shield broad, semicircular, with a border, and 
long genal spines ; glabella bro^ in front, with 2 to 4 furrows on 
each side, some of which are continuous across. Fadal sutures 
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extend^ from the posterior to tin anterior border. Eyes large and 
^rcl^d. Thorax long, of 16 to \o segments ; pleuree grooAgsd and 
produced into long backwardly-directcd spines. Pygidium very 
small, plate-like, its axis with 2 to 8 segments. Middle (jambrian. 
Sx. P. davidis, Menovian ; P. hohemicuSy Cambrian. 

Olenellus. Similar to Paradoxides. Glabella of nearly the 
same width throughout ; faciiil 
sutures not visible ; ‘ eyes * large, 
joined to the glabella ; 13 to IS 
segments in the thorax. Some 
forms have spines on the axis 
of one or more segments of 
the thorax and pygidium. In 
some species there are no lateral 
lobes on the pygidium. Lower 
Cambrian. 

This genua is divided into 
four sub-genera :—(l) Olenellus 
(restricted) ; pygidium spine- 
like, without lateral lobes. Ex. 

0. thompsoni, (2) Mesonads ; 
pygidium large, with lateral 
lobes, spines on some segments 
of the axis* of thorax or pygi- 
dium. Ex. M. vermontana, (3) 

Holmia ; with a row of spines 
down the axis of the body — the 
neck-spine often long ; pygidium 
small, plate-like. Ex. H. callavei. Fig. 130. Paradoxide^ davidiSy 

(4) Olenelloides, Ex. 0. amiatus. ‘wm tiie Menevian Beds, x J. 

* Conocoiyplie ( = Conocephalites). Head -shield semicircular, 
with gepal spines (not, alway s preserved) ; axial furrows deep, glabella 
narrow in front and with 3 or 4 backwardly-directed furrows 
and well-marked heck-furrov; ; free cheeks narrow ; eyes absent. 
Facial s?itures bsgin just within the genal angles, and cut the front 
margin. Hypostomo convex, formed of a central oval portion sur- 
rounded by a narrow border. Thorax with 14 or 16 segments ; 
pleursB grdoved. Pygidium small', margin entii^, axis with from 
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2 to 8 segments. Lower Cambrian to Tremadoc Beds. >£x. C, 
lydli^ svlzeriy Lower Cambri^. ’ ^ 

Oleujas (fig. 131). Body oval; head-shield larger than the 
pygidium, with a nari-ow border, ' 


and with genal spines ; glabella 
not reaching the anterior border, 
and not expanding in front, 
usually with three pairs of fur- 
rows ; facial sutures extend from 
the posterior margin (near the 
genal angle) to the front border ; 
eyes a little in front of the 
middle of the cheeks, and united 
to the front of the glabella hy 



Fig. 131. Olenm cataractes^ from 
the Lingula Flags. Natural 
size. 


an e^e-line. Thorax of from 12 to 15 (typically 14) scigments ; axis 
narrow, pleurae with short points. Pygidium small, with 3 or 4 


segments indicated on the axis, and with entire border. Lingula 


Flags to Tremadoc Beds. Ex. 0. gibhosm^ 0. cataracteSy Lingula 
Flags. ParahoUnay Pelturay Paraholinellay LeptoplastuSy Eurycarey 


and Sphcerophthalmiis are related to Olenm and usually regarded as 
sub-genera of it. 


Angelina. Body oval. Head-shield with long genal spines, 
glabella parabolic, without furrows; eyes small, nea.r the middle 
of the cheeks. Thorax with 14 or 15 segments, pk'iTrxf facetted. 
Pygidium short, margin i)rovided with two teeth, axis of 4 or 5 
segments. Tremadoc Beds. Ex. A, sedgwicki. 


Calymene (fig. 123). Head-shield semicircular, geAal angles 
rounded, occasionally ipointed ; glabella inflated, broadest behind, 
with thi^ pairs of lateral furrows separating three globular lobes on 
each side. Eyes small, prominent. * Facial suture^} extending from 
the genal angles to the anterior border, where they ar^ counecte(^ 
by. a transverse suture below thf| margin. Thorax of 13 segments, 
axis prominent, pleuras grooved and fa'^ettedf. Pygidium ^ith C 
11 segments, margin entire. Areni^ t5 Upper Ludlow. Ex. C, 
tvberculatay Wenlock Limestone. 

HomalonoilfcUS. Body large, eibngajicd, w^h indistinct triloba- 
tion. Head-shield broad, genal angles rounded, furrows on the glji- 
bella indistinct or absent. EyJb small.'* Facial suture passing from 

20 
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the geij^il angles to the front margin, and often continuous in front. 
Thoyax with 13 segments ; axis wide, not well marked. Pygidium 
triangular, axis with 10 to 14 segments. Arenig to Devonian. 
Ex. H, delphinocephalvA^ Wenlock Beds ; H, hisvlcatTis, Ordovician. 

Ogygia. Body oval, nearly flat. Head-shield large, semi- 
circular, with a flattened border ; glabella distinct, wider in front, 
with 4 or 5 lateral furrows.N Eyes large. Facial suture passes 
from the posterior border to the front margin, and is generally con- 
tinuous at the margin. Free chpeks large. Hypostome not notched. 
Thorax consisting of 8 segments, axis narrow, distinct ; pleurae 
grooved, usually with pointed ends. Pygidium large, semicircular, 
margin entire, axis of numerous segments. . Tremadoc to Llandeilo 
Beds. Ex. 0. huchi^ Llandeilo Beds. 

AsaphUS (figs. 126, 132). Body oval, surface smooth or with 
striae. Head-shield large, semicircular with a flattened border, 
genal angles rounded or spinose ; glabella indistinctly defined, wide 
in front, with indistinct lateral furrows. Eyes large. Facial 
sutures pass from the posterior to the anterior margin and are 
generally continuous at the front margin. Free cheeks large. Hy- 
postome notched posteriorly. Thorc*x formed of 8 segments, axis 
rather broad, pleurae obliquely grooved, with rounded extremities. 
Pygidium of about the same size as thq head, rounded, formed of 
numerous segments; margin entire. 

Tremadoc^ 'Bala Beds. Ex. A. ty- 
rannus, Llandeilo. Sub-genus Asa- 
phellus : hypostome not notched. 

Tremado6 Beds. Ex. A . homfrayi, 

Illaenus. Body oval, convex. 

Head-shield large, semicircujfir ; 
glabella indistinctly limited except 
'xiear the posterior end, without 
fu^ws ^externally. Eyes ^remote'* 
from^one another. FaciaVsutui’ts 
commence pn the posterior border, 
cut the anterior bo^er in front of 
eye, and unite on tne inferior sur- . 

Free cheeks emaU. Thorax ^33 

With usually 10 segments, axis from the I^ilandeilo Beds, xj. 
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broad, pleurae neither grooved^ n^jp* ridged. Pygidium large, semi- 
circulJlr, axis indistinct, segments not visible externally. Areiiig«to 

Wenlocl^ Ex. L davisif /. howmanni^ Bala Beds. 

• 

J9Eiglina'(hg- 124). Head-shield large ; glabella large, convex, 
projecting beyond the margin in front. Cheeks narrow ;*eyes very 
large, occupying nearly all the free cheeks. Facial sutures discon- 
tinuous, nearly parallel with the axis of tho body. Thorax with 
6 or 6 segments, axis broad, pleurae grooved. Pygidium rounded, 
axis short. Arenig to Bala Beds. fEx. jE. hinodosa^ Arenig Beds. 

BronteUS. Head-shield large, semicircular, gcnal angles 
pointed. Glabella expanding rapidly in front, with 3 lateral furrows 
in some species, none in others. Facial sutures sbirt from tho 
posterior border and are discontinuous in front. Free cheeks largo ; 
*eye» crescentic, placed near the posterior border. Thorax with 10 
segments, pleurae ridged. Pygidium very large, fan-shaped ; axis very 
short; lateral lobes large, with radiating grooves. Bala Beds to 
Devonian. Ex. /i. jlahdlifer^ Devonian. 

Phacops. Head-shield ^nearly semicircular; glabella promi- 
nent, broadest in front, with 3 or 4 furrows, which are sometimes 
indistinct ; facial sutures commencing on the lateral borders of the 
cheeks in front of the geifal angle, and continuous in front of the 
glabella. Eyes generally large, formed of large, lenses. 

Thorax with 11 segments, pleurae grooved. Pygidium variable. 
Ordovician to Devonian. 

The species of Phacops are divided into a number, of groups 
which should be regarded as sub-genera, or perhaps genera ; some 
of theseb are : — Phacops (restricted) : glabella inflated and expanded 
in front, with the two anterior furaows obscure. Eyes large. No 
genal spines. Ex. P, stokesi^ Silurian. Trimerocephalus : glabella 
furrows obscure or absent. Eyes small. No genal spines. Ej^ 
T, Imis^ Devonian. Acaste : glabella t^t much expanded Jn front, 
all the furrews distinct. Ex. A, downiisgicey Silurian. Chasmops : 
glabella greatly "expanded in front, t^o anterior furrows large, two 
posterior very small# l^ith genal opines. Ex #67. conopiithalmnsy 
Bala Beds. Odbntochile { — Balmanitesf'. glabella not much ex- 
panded, all the furrows distinct| GenaJ spinel long. Pleune oftto 
produced into spiues. Ex. 0. caudatm, Silurian. * 


20—2 
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ChiirurUB. Head-shield i||emicircular, genal angles pointed 
Of wi^h spines; glabella convex, oblting or ovoid, with three ^irs of 
furrows which are sometimes continuous across, the last pair uniting 
with the neck-furrow. * Facial sutures continuous in front and 
e*nding on the external margins. Free cheeks smalf; eyes promi- 
nent. Thorax with usually 11 segments, pleune grooved, and 
produced into spines. Pygidij;im small, with 4 segments, lateral 
lobes with backwardly-directed spines. Tremadoc to Devonian. 
Ex. (7. articulatus^ Devonian ; C. himucronattbs^ Bala to Ludlow 
Beds ; C. juvenis^ Bala Beds. 

Deiphon. Glabella globular without furrows. Fixed cheeks 
forming two long curved spines. Thorax* with 9 segments ; pleurae 
in the form of free spines. Pygidium short, prolonged into two 
spines on each side. Llandovery and Wenlock. Ex. Z). f orbed, 

SphaerexochUS. Glabella large, spheroidal, with 3 paifs or 
furrows — the two anterior indistinct, the posterior curving back- 
wards and joining the deep neck-furrow. Cheeks small ; eyes small, 
near the axial furrow; facial suture starts from the genal angle. 
Thorax with 10 segments ; pleuraD without grooves, with rounded 
ends. Pygidium small, with 3 segments. Ordovician and Silurian. 
Ex. S. mirm^ Wenlock Limestone. 

StaiirocephalllS. Glabella withi ir spherical lobe projecting 
in front .pjjbhe cheeks ; the remainder of the glabella narrow and 
cylindrical with 2 pairs of furrows and a deep neck-furrow. Cheeks 
very convex, with a flat border. Facial suture starts from the 
lateral margin and cuts the front margin. Eyes on stalks. Thorax 
with 10 segments ; pleura) ridged, produced into spines. Pygidium 
small, of 4 segments, with pleura) produceef into spines. Bala to 
Wenlock Limestone. Ex. S, murchisoni, Wenlock Limestone. 

Encrinui\lS. Head-shield covered with tubercles ; with a 
‘"flat border, and pointed genal angles ; glabella pyriform, confluent 
wjth the border in front, ^dts fu^ows indistinct or absent ; eyes 
small, on short pedunclps. Facial Matures continuous in front, 
ending just in front of thet genal angles. Free® cheeks narrow. 
Thorax with 11 similar segments, pleura) ridged. Pygidium narrow, 
triangular, with many segments in the axis, with 6 to 12 pleurae 
bent backwards and diverging from the axis. Bala to Upper 
Ludlow. Ex. E, pv,nctatus\ Wenlock Limestone.^ 
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Oybele. Similar to Encr^nvpis, Three pairs of moreMistinct 
glabella furrows ; border continuous in front of the glabella ;0gei»al 
angles ugually rounded ; facial sutures continuous in front. Thorax 
with 12 segments ; pleura) of the first 5 \^th blunt ends, those of 
the remaining 7 produced into spines. Pygidium with 4 or *5 
pleurae which bend sharply backwards and converge towards the 
axis. Ordovician. Ex. C. verrucosf^ Bala Beds. 

Lichas. Test covered with tubercles. Head-shield convex, 
relatively small, with genal spines^ Glabella broad, with a central 
raised part, furrows directed backwards. Facial sutures pass from 
the posterior to the anterior border. Cheeks and eyes small. 
Thorax with 9 or 10 iiegrnents ; pleurje grooved, ending in rather 
long spines. Pygidium large, showing 2 or 3 segments, lateral parts 
produced into spines. Llandeilo to Wenlock. Ex. L. anglicm, 
^Wenlook. 



Fig. 133. Acidaspis prevogti, from the Silurian. Head-shield. (After 
Barrande.) 1, 2, 3, first, second, and third glabella furrows (the 
first usually indistinct) ; a, central part of the glabellft ; c — b — n, 
inner furrow of glabella ; c— v, neck-furrow ; d — v — axial furrow ; 
ilj— ft, fixed cheek ; o, eye ; o — n, eye-line ; p, genal spines ; q, spines 
from neck-ring ; r, neck-ring j facial sutur^ ; y, spines. En- 
larged. 

Acidaspls (fig. 133). H^d-shi^d bread, it|[ trilobation not 
well marked, with genal Spines, *and usually with spines at the 
margin of the*head; glabella withm pair of longitudinal furrows 
parallel to the axial furrows, and wi^th two or ^nee lateral furrows. 
Facial sutures start from the posterior marginjust within the genal 
angle And cut the front margin. chedks large. Eyes con- 

nected with the^glabella by an eye-line. Thorax \fith 9 or 10 
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segments, pleurse with ridges produced into long spines. Pygidium 
small,, j with long spines. LkndMcf Beds to Devonian. A, 
barrandei. A, brightly Wenlock. 

Phillipsia. Body* oval ; glabella with nearly parallel sides, 
with 3 or 4 narrow lateral furrows, of which the posterior one 
curves backwards and joins the deep neck-furrow, thus cutting 
off a basal lobe. Facial suturer cut the posterior border obliquely, 
and the anterior border in front of the eye. Free cheeks large ; eyes 
large, reniform. Thorax with ^ segments, pleurse grooved. Py- 
gidium semicircular, with 12 to 18 segments, margin entire. De- 
vonian to Permian. Ex. P. derbiensisy Carboniferous. 

ProetUS. Closely allied to Phillipsia but with fewer segments 
in the pygidium. Ordovician to Carboniferous, chiefly Devonian. 
Ex. P.fletcheri^ Wenlock. 

Griffithides. Body oval ; glabella with inflated basal lolbes 
cut off by the posterior furrow, and without other lateral furrows ; 
main part of glabella pyriform ; eyes rather small. Thorax with 9 
segments. Pygidium rounded, with abo\it 13 segments. Car- 
boniferous Limestone. Ex. O, seminiferm. 


Distribution of the Vrilobita 

The Trilobites are confined to the Palaeozoic period, 
and form one of the most important and striking features 
in the faunas of the Lower Palaeozoic deposits. They 
occur first in the Lower Cambrian Beds, and reach their 
maximum in the Ordovician. In the Silurian, Trilobites 
are still abundant, but become less important in t?he 
Devonian,’ and in the Carboniferous are represented by 
fojjr genera oijly. In Europe ^they do not extend beyond 
the Carboniferous Linffestone, but* in North America one 
species oVPhillijpsia has been found in the Permian. 

Already in tlV^ Capibiian period tHe TJrilobites were 
represented by a* considerable variety of forms, showing 
that even then the group must** have been ,of considerable 



CRUSTACEA. TRILOBITA 


311 


antiquity, but at present no traces of the ancestors*of the 
Cambrian forms have been found. It is in the Cambrian 
System* that we meet with the latest, as well as the 
smallest Trilobites, e.g, Paradoxides and Agnostus, As 
whole, it may be said that the Trilobites which ;ire con- 
fined to the Cambrian period are characterised by the 
possession of a large number of thoracic segments, and of 
a small pygidium (fig. 130) ; jvhcreas, in the Ordovician, 
most of the characteristic genera have fewer segments in 
the thorax and possess large pygidia (fig. 132). 

Many of the Trilobites seem to have had a wide 
geographical distribution; for example, most of the genera 
which have been recognised in Australia occur also in 
Europe. Some, however, apparently had a more limited 
range; thus, for instance, Sao, Arethusinay and Ellipso- 
cephalus arc very common in Bohemia, but are seldom 
found elsewhere. 

The most important genera found in the different 
systems are mentioned below ; those marked with an 
asterisk* occur only in one system. 

Cambrian. Agnostm, MicTodisem*^ Paradoxides*^ Olenellm*^ 
Sao*, Ellipsocepkalics*, Concorgphe*, Olemes*, JViobe, Angelina*, 

Ordovician. Agnostus^ AmpyXy Trinucleus*^ Ogygiay Asaphusy 
RUenuSy JEglina*y Calymeney Cyhe\e*y Liehas, Qgygiay AsaphuSy 
Trinucleus and Ampyx are abundant. • 

. • • 

Silurian, Caly'imncy Homafbmt^Sy%Rlcenu8y PhacopSy Cheinirusy 
Deiphon*y Sphoerexochusy Enct'inuruSy ^^cidaspisy ^ProetuSy I^chas. 
Calymem and Phacops are particuk^ply abundant. ^ 

• • • M * • 

Devonian. ffomaloTiotus, Brontemy fhacopSy CheimruSy Proetus, 

• % m 

Carboniferous. Phillipsia^Gripithfdes*y Brachymekypns*, 
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' SUB-CLASS II., BRANCHIOPODA 

The Branchiopoda include the water-fleas (Dcfphnia, 
etc.) and other form^. The body is more or less distinctly 
segmented, and often the greater part, or sometimes the 
whole, of it is covered by a carapace which may be shield- 
like, as in A pus, or in the form of a bivalved shell re- 
sembling a lamellibranch, as in Estheria (fig. 134) ; in some 
forms there is no carapace.* The number of segments in 
the trunk (abdomen and thorax) varies very widely; in 
some cases there may be as many as 42 ; often the division 
of the trunk into thorax and abdomen is indistinct. On 
the head there are generally two pairs of antennae, one of 
mandibles, and one or two of maxillae. The trunk bears 
several pairs of swimming-feet, which are flattened and 
leaf-like, and their basal parts function as jaws (gnatho- 
bases). The abdomen may be without appendages, but 
generally appendages are present except on the posterior 
segments. The last segment of the abdomen (the telson) 
often bears a pair of spine-like or jointed processes forming 
a caud ^ fo rk. Compound eyes are usually present, and 
often also a simple unpaired eye ; the former are usually 
sessile, but in some cases are borne on movable stalks. 

The •Branchiopoda are divided into two Orders, (1) the 
Phyllopoda, (2) the Cladocera; the latter are not definitely 
known as fossils. * 

Estheria (fig. 134). Valves equal, thin, homy ; ovate, obfong 
\>r quadrilateral, united at the straight 
dorsal bprder ; apices of^the values 

pla^d anteriorly, or ne£^;|;ly central. ♦ 

Surface gquerally covered wi^b con- 
centric ridges or striae. Old Red Sand- _. ^ 

stone to present daj^ Lives in fresh from the Trias, x 3. 
or rarely in brackish water. £x. E. 
minuta, Trisis, etc. * 
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^ Distribution ofHik Branchiopoda ^ ^ 

The^Branchiopoda live mainly in ^-esh water, but some 
are found in the sea, in salt lakes, and in brackish wateii 
, Only a very few genera are found fossil ; ProtocariSy which 
resembles ApuSy occurs in the JiOwer Cambrian of North 
America. In the Upper Palaeozoic and later deposits a 
few genera are present, Esthvia being common. Apus 
ranges from the Trias to the present day. 

SUB.CL\SS III. OSTRACODA 

The Ostracods (fig. 135) are indistinctly segmented 
anJ generally of minute size. The body is usually com- 
pressed laterally, and is completely enclosed in a bivalved 
carapace, which may be horny or calcareous. One valve 



Fig. 135. Lateral view gf Cypris Candida. (After Zenker.) 1, antennules; 

2, antennsB ; 3, mandibles ; 4, first maxilla) ; 5, second maxillse ; 

, 6, 7, first and second pairs of legsf 8, tail ; 9, eye. Enlarged. 

is placed on each side of the animal, and the two valves 
are joined together dorsall^^ by ap elastic li^ameryb which 
serves to ^pen the shfill ; sometimes a hinge is formed 
by means of interlocking teetB and ridges ; ai! adductor 
muscle passes ^froili t?he interiOT of oney/stlve to flie other 
and by its contraction the shell is closed; usually the, 
muscular impression can seen Trom the outside. There 
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are seven pairs of appendages, which can be protruded 
whem the shell is opened. In^some of the marinec forms 
the shell is notched anteriorly so as to allow the ,‘3intennje 
to pass through when the shell is closed. The head 
carries Jbwo pairs of large antennae which are used for 
locomotion, one pair of mandibles, and two of maxillae. 
The thorax has two or three pairs of appendages, which 
are not leaf-like. The abdomen is rudimentary and is 
without appendages ; it terminates either in a fork or in a 
spiny plate. Respiration takes place by means of the 
general surface of the body. The carapace is in almost 
all cases the only part which occurs fossil; its surface may 
be smooth or variously ornamented. 

Leperditia. Carapace thick, smooth, convex, elongated, a 
little higher posteriorly. The right valve larger than the left. 
Hinge-line straight. There is a small tubercle (eye-spot) placed 
anteriorly near the hinge ; and posterior to it is a slightly elevated 
circular area. Cambrian to Carboniferous. Ex. L, kisingeriy Silu- 
rian ; X. oke7ii^ Carboniferous. 


Primitia. Carapace generally eq^ivalve, convex, oblong or 
ovate. Hinge-line straight. Each valve has a transverse groove 
which s?arE^ from the hinge-line. Cambrian to Carboniferous. Ex. 
P. strangulata, Bala Beds. 


Beyrichia (fig. 136). Carapace elongated, inflated, posterior 
border a 'little higher than the anterior; 
dorsal border straight, ventral border semi- « 
circular. Two or three large furrows liuai; • 

pass from the dorsal towards the ventral 
,^dge; the. parts between the furrows 


are convex and oftgn tuj)efcula.te, the 

middle '"part bhing the sitalle^. Cam- Fig. 136. Rgyric/wa com- 
X. • ^ 4 . n u ^ T * pheato. Bala Beds, 

brian to Carboniferous. Ex. P. compheata^ Xh« lower figure 

Llandeilo and Bala. shows the dorsal 

n «. . » 1 • ' aspect of the united 

Entomis. Cw^apac^ equivalve, al- Yiftyes. x2. 

mond-shaped, with* a deep transverse 

furrow which passes from the dorsal* border (a little in front of the 
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middle) towards the ventral border. Surface generally striated. 
Anterior margin notched for tljB ]|feBsage of the antenna?. Ordo- 
vician th Carboniferous. Ex. E, tuberosa, Silurian. * 

• 

C3rthere. Shell oblong-ovate or subqiiUdrate, highest in front; 
smooth or ornamented with pits, spines, or ridges. Hinge with* 
•teeth anteriorly and posteriorly. Ordovician to present day (chiefly 
Cretaceous and later). Ex. 0. stnato-‘^u7ictata, Eocene; C. punctata^ 
Pliocene. 

Cyprlfl (fig. 135). Carapace thhi, smooth or punctate, kidney- 
shaped or oval ; ventral edge often concave. Left valve the larger. 
Hinge without teeth. Purbeck Beds to present day. Fresh water. 
Ex. C, fahay Miocene ; 0. gibha^ Oligocene to present day. 

Cypridea. Valves ovate-oblong, convex in the middle, broad 
at thp anterior third, narrower behind ; with a notch at the anterior 
ventral angle behind a beak-like process. Surfiice smooth, punctate, 
or tuberculate. Hinge-margin straight, along the middle third of 
the dorsal edge. Left valve the larger. Purbeck, Wealden, and 
Oligocene. Fresh water. Ex. C, valdensUy Wealden Beds, etc. 


Distribution of the Ostracoda 

The Ostracoda have a very wide distribution “at the 
present day; many forms are marine, and some are 
abundant in fresh water. The marine forms often occur 
in shoals ; some arc pelagic, but others live on the sea- 
floor and are more abundant in shallow than in deep 
water, only flfty-two species being found beyond the 500 
fathom line. , , 

The fossil forms are very nrftnerous, the earliest occur- 
ring in the^ Cambrian. Leperditiay P^rimitiay and Beyrifhia 
are abundant* in the Lower Palajozoic; Entorms in the 
Devonian ; and CypMina and. Bairdicu in the Carboni- 
ferous. Cypridea is common in thd Pu^eck and Wealden 
Beds ; and Oythere in the tertiary formations. • 
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SUB-CLASS '7. « CIRMPEDIA 

« d I,. 

The Cirripedes include the barnacles, acom-shells, etc. 
.-—forms which differ considerably in 
appearance from the other crusta- 
ceans and were for a long time re- 
garded as molluscs. The body is 
completely enclosed in a fcld of the 
skin, which commonly secretes a 
calcareous shell. The animal, in the 
adult state, is fixed to a foreign 
object by the anterior end of the 
head, either directly or by means of 
a stalk or peduncle. The segmenta- 
tion of the body is indistinct The 
head is not well marked off from 

the thorax: it bears one or two Fig.137. 

, . . > Recent, a, scutam ; 

pairs of antennae, one pair of man- t, tergnm; c, oarina; 

dibles, and two pairs of maxill^. rizMSoSiSS 
The ^rax has usually six pairs of 
biramous feathery limbs. The abdomen is rudimentary 
and without appendages. Heart and vascular system are 
absent;^ nearly all forms are hermaphrodite. The shell 
consists of several pieces ; in Lepas, (which possesses a 
stalk) there are five, two are placed on each side of the 
body, those near the stalk being termed the scuta (fig. 
*137, a), those at the upper end the t&rga (6), and there is 
also qne unpaired pa]|t pladed dorsally, the carina (c). 
Balmus has no stalky its i$hell dbnsists of a tube formed 
of six pieces, within whieVthe scuta and terga are placed. 
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Distribution of the Girripedia 

The Cirripedes are all marine, arid*the greater number 
are found in shallow water, particularly near the coasts* 
^Balanm being especially characteristic of littoral regions. 
At depths greater than 1000 fathoms, only two genera, 
Scalpellum and Verrucosa, have been found, and these are 
not confined to deep water. * 

Cirripedes are rare in the Palaeozoic and early Mesozoic 
formations, but become moderately common in the Chalk, 
and are abundant in some of the later Tertiary deposits. 

A few examples, which are believed to be Cirripedes, 
have been found in the Cambrian of North America. In 
the Ordovician the genera Pollicipes, Scalpellum, and 
Turrilepas occur: the first two are represented in the 
Silurian and various later formations (especially the 
Chalk); the last ranges on to the Devonian. Loricula 
and Brachylepas are found in the Chalk. Balanus appears 
in the Eocene, and Lqhs in the Pliocene. 

SUB CLASS Vl. MALACOSTRACA 

> 

The Malacostraca are usually of larger size than the 
Crustacea belonging to the preceding groups. With the 
exception of the Leptostraca, \5he number qf segments is 
constant, there being eight in the thorax, and seven in 
the abdomen (including tile felson), iinaking altogether 
twenty segments in the body. ^ he abdomen is clearly 
marked off from the thorax* ’by the character of the 
appendages. In some cases tlie devej^frtnent i& direct, 
the young having the same or nearly Jhe same form ^ ^ 
the parent, but^ usually laiA^al stages occur ; the principab 
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larval form is the zosea, b^it^^a nauplius stage may also 
occtir. 

In many groups. of the Malacostraca a dorsal 'shield or 
<;arapace is present, and usually coalesces with the terga 
of some or all of the thoracic segments, forming a cephalo-, 
thoracic shield (fig. 143, a,— c). The telson {e ) — a median 
plate at the end of the abdomen — docs not terminate in a 
caudal fork except in the uLeptostraca. Each segment of 
the body, except the telson, usually carries a pair of 
appendages. The first pair of antennm (unlike those in 
the preceding groups) are biramous. In some divisions 
of the Malacostraca the thoracic appendages are all 
biramous ; but often, with the exception of some of the 
anterior appendages, they are uniramous, the exopodites 
being absent. One or more (often three) of the anterior 
appendages of the thorax arc modified so as to function 
as jaws, and are known as maxillipedes ; the remainder 
of the thoracic appendages are used in locomotion. The 
appendages of the abdomen are ^iramous; the first five 
pairs^jj'e swimming legs (pleopods); the last pair (the 
uropods, fig. 143,/) are flattened and form with the telson 
a fan-like tail-fin. In the Malacostraca the position of 
the geijital apertures is constant (p. 291). A pair of 
compound eyes arc usually present. .Calcareous ossicles 
are developed in the stomach forming a * gastric nfill.’ 

There are«nine Orders of the Malacostraca : — (1) Lefto- 
^traca, (2) Syncarida, (3) Schizopoda, (4) Cumacea, 
(5) Tanaidac^a, (6) Isojwoda, (V) Amphipoda, (8) Stomato- 
poda, (9) Decapoda. <i The ‘Cuma'bea and Tanaidaoea are 
not knoWn to occur fossil.* 
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, ORDER I. LEPTOSThA?3A (PHYLLOCARIDA) • • 

The Leptostraca differ in several Respects from all the 
other Orders of the Malacostraca, and possess characters* 
•which connect them with the Phyllopoda. Only four 
genera are now living, of which Ijhe commonest is Nebalia; 
they are small shrimp-like Crustacea, with the body 



Fig. 138. Paranehalia Ipngipes^ Recent. (After Sars.) xl3. a, ros- 
trum i 6, eye ; e, antennule ; d, antenna ; mandibular palp ; /, last 
thoracic leg ; first abdominal leg A, k, rudimentary limbs of fifth 
and sixth abdominal segments ; f, caudal fork ; m, ’cephalic part of 
carapace ; n, mandible ; o, second maxilla ; p, adductoi* muscle of • 
carapace; g, first maxilla; r,*fir{rt sfjgment^ of thorax; s, ovary; 
t, last segment of thorax ; first^abdo.%iinal segment. ^ 

laterally compressed. A largfe’ bivalved carap’ace (fig. 
138, m) covers, the' h6ad, the thorax, some of the 
abdominal segments, but is united to the head only; the, 
two valves are connected b^ an adductor muscle (p) just 
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as is the case in the Ostracods and many Phyllopods. In 
front of the carapace is a mSvable plate or rostrym (a). 
There are twenty-one segments in the body — five in the 
jhead, eight in the thorax (r — 1 \ eight in the abdomen 
(u^l)y .the last segment (or telson) carrying two pointed 
processes — the caudal fork ( 1 ), There are nineteen pairs 
of appendages, as in the Malacostraca : the head bears 
two pairs of antennso (c, one pair of mandibles (w), two 
of maxilla) (9, 0) ; on the thorax there are eight similar 
pairs of limbs (/) which are leaf-like and resemble those 
of Phyllopods; the abdomen has six' pairs of appendages, 
the first four being large biramous swimming legs (g), the 
last two small and uniramous (A, fc). The two posterior 
segments are without appendages. The eyes are com- 
pound and stalked. The mandible bears a long, three- 
jointed palp (e). The anus opens on the telson between 
the two branches of the caudal fork. 

The Leptostraca agree witli the Malacostraca in having 
the abdomen and its appendages clearly marked off from 
^the thorax; in the position of the genital apertures; in 
possessing eight segments in the thorax ; in having nine- 
teen pairs of appendages ; and in the occurrence of a 
mastiesytory stomach. They differ from the Malacostraca 
in the bivalved carapace with an addiictor muscle ; in the 
possession of leaf-like thoracic legs, and of eight abdominal 
segments with a caudal* fork. From most of the Mala- 
fccostraca they are further distinguished by the presence of 
. a mo^5^ble rostrum, an^ by atl the segments of the thorax 
being free. The gro^ip of •'the Malacostraca tp which the 
Leptostfaca seem to be fn'ost nearly allied' is the Mysidae 
— a fafiiily of fch^ Schizopoda. " * , 

, In the characters’ of the carapace and of the thoracic 
legs, and«in the pregenbe of a^caucjal fork, the Leptostraca 



CRUSTACEA. LEPTOSTRACA 321 

resemble the Phyllopoda. But they differ from them in 
the clear separation of the* thorax from the abdomer#; iii 
the possession of a rostrum and a njandibular palp ; and 
in the long anterior antennse. Stalked eyes are found in 
^ some Phyllopoda and in many Malacostraca. • 

The Leptostraca are clearly ^generalised types, and are 
probably to be regarded as the last survivors of a primitive 
group of Crustacea. The Qfder is, however, without 
representatives in post-Triassic rocks ; but a number of 
Crustacea which closely resemble the living Leptostraca 
in the form of the ‘body, with in some cases a movable 
rostrum, are found in the Palaeozoic formations; they 
differ, however, in being much larger, and, usually, in the 
caudal fork consisting of more than two spine-like pro- 
cesses. The appendages of these Palaeozoic forms are 
almost unknown, and consequently it is difficult to deter- 
mine their affinities satisfactorily. Masticatory organs in 
the stomach are stated to occur in some of the fossil 
forms. Some of th(^ principal Palaeozoic genera are 
described below. . 


Hymenocaria (fig. 139). Carapace semi-oval, smooth, not 
bivalved. Abdomen formed of eight 
segments, and with four, five, or six 
caudal spines. Lingula Flags. Ex. 11. 
vermiewBda. 



XSeratiocaria. Carapace bi< 
valved, often marked with stria), oval, 
narrow in front, truncated behind ahd, 

with a lanceolate rostrum, in fnout. ^ cauda, Lingula Flags, xj. 
Thorax ancf abdomen formed of ^ 

teen or more segments, the first seven or more being covered by the 
carapace; telson»long and pointed, *with tw^Iateral spines. Tre- 
madoc Beds to Carboniferous. Ex. (7. itygia^ C, papilio, LudloT^, 
Beds. . 


w. p. 


21 
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Caryocaris (fig. 140). C^a^e bivalved^ pod-like, narrow 
^inocth, rounded at one end (pro- 
bably the posterior), truncated at 
the other. Arenig K(^ks. Ex. C. 
wrigkti, 

Dithyrocaris. Carapace large, 
bivalved, with a narrow anierior 
notch ; rostrum unknown. ^ Each 
valve semi-oval, truncated behind, 
with a median longitudinal ridge ; 
another ridge at the dorsal margin 
where the valves join. Surface 
often with pits or granules. Ex- 
posed part of abdomen short, with 
a narrow, sharply-pointed telson bearing on each side a spin6-like 
appendage. Devonian and Carboniferous. Ex. 2). colei^ Carboni- 
ferous. 

Discinocaris. Carapace sub-circular, slightly convex, formed 
of one piece with a notch in front in which the triangular rostrum 
is placed. Surface with concentric linear ridges. Silurian. Ex. 
2>. hrovmianay Llandovery. 

A^tychopsis. Similar to the last, but carapace divided into 
two parts by a median suture which starts from the rostral notch. 
Silurian. Ex. A, lapworthi, Llandovery. 


9 



Fig. 140. Caryocaris wrighth 
Arenig Rocks. Natural size. 
The abdomen has not been 
found attached to the cara- 
pace as shown above ; some 
authors consider that the 
bread end of the carapace is 
anterior. 


Distnbution of the Leptostraca " 

4 

t « 

j The Leptostraca are all marine, and live mainly in 
shallow water or., at modera'oe depths. In Britain the 
earliest representative is ^ Hymenocaris, fou^d in the 
Lingula Flags; Ceratiocavis occurs in the Tremadoc Beds 
and rafiges on‘to^the Carboniferous^ but is most abund- 
ant in the Silurian. '’Caryocaris is characteristic of the 
• Arenig Kecks. Aptyckopsis asid Discinocaris occur in the 
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Silurian. Echinocarts is /oRnd in the Devonian; aqd 
Dithjfi^ocaris in the Carboniferous. One genus (Aspido- 
caris) has been recorded from the Trias. 

ORDER II. SYNCARIDA 

• 

The Syncarida are a small ^roiip of primitive Mala- 
costraca, the living representatives of which are found in 
fresh water in Tasmania and Victoria, and belong to three 
genera of which the best known is Anaspides. The body 
is elongated and without a carapace, and is remarkable 
for the fact that all the thoracic segments are distinct. 
Albthe thoracic legs are similar in general character, and 
all, except the last one or two, are biramoiis ; their coxo- 
podites befir externally two rows of plate-like gills, but 
these have not been found in fossil specimens. The 
abdomen is large, and th^ first five pairs of appendages 
consist of long, many-jointed exopodites and small endo- 
podites ; the appendag^^s of the sixth segment form with 
the telson a tailfin. — 

Fossil representatives of the Syncarida are found in 
the Carboniferous and Permian deposits, and belong to 
the genera Prceanaspides, Palceocaris, Acanthotdson, and 
Uronectes Gampsonyai), These appear to be closely 
allied fo Anaspides. 

ORDER III. • SCHIifOPO^^A 

. • • 

The Sohizopods (fig. 141) are small Crustacea in Which 
the thorax is more or less completely covered a well- 
developed, butothih c4nd usually flexibjf>, cephalo-thoracic 
shield. The eight pairs of thoracic legs are generallj\ 
biramous and, lyilike those %f the becapods, are* all similar 

21—2 
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t 

in character, with the exceptipn that, in some forms, the 
first one or two pairs may serve as maxillipedesf The 
abdomen is long axd slender; its five anterior •pairs of 
appendages are biramous swimming legs, whilst the sixth 
pair form with the telson a tail fin. The compound eyes, 
are stalked. c 



Fig. 141. A Recent Schizopod — NyctipJmnes norvegica, (After WatasA) 
The black dots indicate the phosphorescent organs ; the gills are 
seen between the thoracic and the abdominal appendages. Slightly 
^jn^^nified. 

Eecent work tends to show that the Schizopoda do not 
constitute a natural group, since of its two main divisions 
one appears to be related to the Decapoda, whilst the 
other approaches more nearly the Cumacea, Isojtbda, and 
Amphipoda.' Since, however, the affinities of a nurhber 
of fossil "schizopod-like ^prm^s have not yet been satis- 
factorily determined, ft will be convenient to retain for 
the present the grotfp Schizopocfk ^ ‘ 

Liying Schizopods, with the exception of a species of 
Mysis, are marite, ai^d many of them ape pelagic. The 
fossil forms which have been referred to this group are 
found mainly in the Carboni^rous rocks^ especially in the 
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south of Scotland where they are sometimes numerous ; 
the grincipal genera are ^^gocephalus, Grangopsis^ A^~ 
thrapalfpmon, and Tealliocaris, In the Upper Devonian 
PalcBopalcemon is found, and may befong to this group. 


ORDER VI. ISOPODA 

In the Isopods the body is usually flattened dorso- 
ventrally. There isjno cephalo-thoracic 
shield, but the first thoracic segment 
(occasionally also the second) is fused 
wifli the head. The eyes are sessile. 

The first pair of thoracic appendages 

are maxillipedes, the other seven are Archaonis- 

walking legs. The abdomen is often cus brodiei, from 
short, and some or all of its segments Sh^gSly^reduwi*’ 
are fused together and with the telson. 

Some of the abdominal appendages function as gills. 

Many Isopods are marine, but some are found in fresii 
water, whilst a few live on land (e»g, the wood-louse, 
Oniscus asellus). Many forms are parasitic, and infest 
fish and Crustacea. * 

Foij^il Isopods* are rare. Oxyuropoda^ from the Old 
R^d Sandstone of Kiltorcan •(Ireland), is probably an 
Isopod; and an imperfect specimen, from*the Old Red 
Sandstone of Hertfordshire doscribed^ under the name of 
Primreturus gigas^ perhaps b^on^ to this gt-oup. ^Arthro- 
pleura, from the Coal Measurge has been referred to the 
Isopoda. Undou^te^ examples of this Order are /ound in 
Jurassic and ‘'later formations: Cychspheeroma in the 
Great Oolite and Purbecl^an ; Archceohiscus in the PuAJ 
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beckiaii (fig. 142) ; Palcega in the Cambridge Greensand, 
tlv3 I^wer Chalk, and foreigd Tertiary ; and Eosphas^oma 
in the Oligoccne of the Isle of Wight. , 


ORDER VII. AMPHIPODA 

The Amphipods (e.g, Gammarus, Talitrus) are usually 
of small size, and generally* the body is compressed from 
side to side. Just as in the Isopods, there is no cephalo- 
thoracic shield, and the first thoracic legmen t (sometimes 
also the second) fuses with the head. The first pair of 
thoracic appendages are maxillipedes ; the appendages of 
the seven free segments bear the gills, and are divisible 
into an anterior group of four in which the terminal parts 
of the legs are directed backwards, and a posterior group 
of three in which the terminal parts are directed forward. 
The abdomen is usually elongated and carries six pairs of 
appendages ; the three anterior serve for swimming, the 
three posterior for jumping. The iSyes are sessile. 

^ of the Amphipods arc marine, others live in 

fresh water. The marine forms have a wide distribution, 
and are very numerous, especially in shallow water, and in 
Arctic and Antarctic seas. 

Fossil Amphipods are very rare. Necrogammarjis from 
the Lower Ludlow rocks of Leintwardine has been referred 
to this grpup, but its systematic position is uncertain — 
Peach thinks thaji it may belong to the Myriapoda. 
Oth^r /orms, whose affirfltie^ are ] ike wise uncertain, have 
been recorded from t1[ie Carboniferous and* Permian de- 
posits. ^Undoubted Amphjpods are fou^d in the Tertiary 
formations and belong mainly to genera ^hich are still 
Existing (e^^. Qammarm from^the Miocene). 
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ORDER VIII.t STOMATOPODA 

In tSie Stomatopods the body is^long, and flattened 
dorso-ventrally ; the cephalo-thoracic shield is short and 
, does not cover the four posterior thoracic segments. At 
the front of the head there arg two, small, movable seg- 
ments which are not covered by the shield ; the first bears 
the stalked eyes, the second^ bears the antennules. A 
rostral plate is articulated to the front of the cephalo- 
thoracic shield. The five anterior pairs of thoracic append- 
ages are directed forwards as maxillipedes ; the three 
posterior pairs are slender biramous legs and are directed 
dovmwards. The abdomen is much larger than the an- 
terior portion of the body; its five anterior appendages 
bear gills, and the sixth pair form with the broad telson 
a strong tail fin. 

Sqidlla is the best known genus of this Order. All 
the forms are marine and live in shallow water. The 
Stomatopods are very, rare as fossils. A few Crustacea 
found in the Carboniferous (e.g. Necroscylla) have b g g n 
referred to this group; but undoubted representatives, 
belonging to the genus Sculda, occur in the Solenhofen 
Limestone (Upper Jurassic). Squilla has been /ound in 
the Chalk of Lebanon and in some of the Eocene forma- 
tions (London Clay, etc.). 

ORDER IXf DfcOAPODA 

The ifecapoda include lobsjjers ’^fig. 143), cray-fishes, 
crabs, etc. The cephalo-thoracic shield j^a — c) jis large 
and well develbped, and usually covers#ill the segments of 
the thorax (b — c ) ; frequently it jis marked out into afi^; 
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anterior and a posterior portion by a groove, — the cervical 
sUurte (b). The shield is oftelfi produced in front [nto a 
rostrum (a). The gjils are connected with the thoracic 
appendages and segments, and are placed in a chamber 
formed ,by the downward prolongation of the cephalo- 
thoracic shield. The appendages on the head are (1) an- 
tennules, (2) antennas, (8) mandibles, (4, 6) maxillae ; the 
last three pairs serve as j[iws. On the thorax the first 
three pairs of limbs are modified as maxillipedes ; the 
posterior five pairs (k — o) are the ambulatory limbs. 



Fig. 143. Glyphea regleyana^ Oxfordian. ^ a — c, cephalothorax ; a — &, 
head; h — c, thorax ; a, rostrum; c — abdomen; d, sixth abdominal 
^ ^^sei^ent ; e, telson ; /, appendage of sixth abdominal segment; 
g, eye ; o, appendages of cephalothorax ; k — o, ambulatory limbs. 

which, in most cases, are uniramous ; they eonsist of seven 
joints, and, as a rule, some of them terminate in. pincers 
or chelae, T^e name ‘ DecSipoda ’ is taken from these five 
pairs of ambulatory limbs. The abdomen bears six, or 
fewer, pairs of smaJl ap^erfdages. The eyes are compound 
and .stalked. . * » 

f • 

The Decapoda may be» divided into thrfee sections : — 
(1) MaCrura, (2) Brachyiira, (3) Anemura. The last 
section includes ttfe heVmit-crabs and hermit-lobsters and 
As represented by only a few fq^sil forms. 
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Section 1 . * Macrura 

This section includes the lobsteft, shrimps, and cray- 
fishes. The abdomen (fig. 143, c — e) is long, well deve- 
loped, and ends in a large tail fin (e,f) formed by the 
Jjelson and the appendages of ttfe sixth abdominal segment. 

JEiger. Body laterally compressed. Abdomen long. Rostrum 
long, with small tubercles. Antennules nearly as stout, but not so 
long as the antennsB. Last maxillipedcs long, with chela). Third 
pair of ambulatory legs longer than the others ; the fourth and fifth 
pairs slender and flattened, without chela). Trias and Jurassic. 

Ex. jE. tipulariusy Solenhofen Limestone (Upper Jurassic). 

« 

Bryon. Ccphalo thorax flattened, broader than long, with a 
median dorsal ridge on the posterior part ; the lateral mai^ins 
usually dentate, and at the anterior third are deep notches. 
Rostrum short. The first four pairs of ambulatory limbs on the 
thorax bear chelae, the anterior pair being larger than the others. 
Abdomen of about the siime length as the cephalothorax ; the first 
segment very short. Telson trigonal. Trias to Cretaceous. Ex. E, 
antiquiuf, Lias ; E. propinqutis^ Solenhofen Limestone. 

Glyphea (fig. 143). Cephalothorax ornamented with granules ; 
rostrum short. In front of the cervical suture are several spiny or 
tuberoulate parallel ridges which extend towards the anterior 
margin. Posterior to the cervical suture are generally two other 
grooves(| The anterior pair of ambulatory limbs are much longer 
than the others ; all are without cl^la). Abdomen long. Trias to 
Cretaceous. Ex. G. regle^ana, Oxfordian ; G. ttAiuis, Solenhofen 

Limestone (Upper Jurassic). • • • 

• • 

• • 

Meyeria. Cephalothorax laterally compresh^d, witn a sharp 
rostrum, and a«deep V-shaped cervical sHture ; with sharp, serrate, 
longitudinal ridges on the dorsal surface ; the sides of the cephalo- 
thorax covered owith sharp granules. Abdomdn semi-cylindrical, 
longer than the cephalothorax, and orAam^^ed with longitudinal 
rows of granules. Lower Cretjeeous. •Ex. M, magna.^ ^ I 
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Elrjrma. Body cylindrical. Cephalothorax covered with 
granules, with a median dorsal gr^p'^, a deep cervical suture, and a 
pdmt^ rostrum. Behind the cervical suture are two nearly parallel 
grooves which unite at the sides. The three anterior «pairs of 
ambulatory limbs with chelas, the first pair being very large, the 
o&ers small. Telson undivided. Lias to Upper Jurassic. Ex. 
E, leptoddctylina^ Solenhofcn Limestone ; E. elegans^ Great Oolite, 
etc. • 

Snoplocl3rtia. Body large, long, narrow ; surface roughened 
with granules and tubercles. C^phdothorax elevated, narrowing in 
front, with a long rostrum. Behind the deep cervical suture are 
one or two nearly parallel furrows, from which lateral branches pass 
to the cervical suture. First pair of ambulatory legs very strong, 
with large chelaa having teeth on the inside of the fixed part; 
second and third pairs of legs slender, also with chelae. Telson 
large, subtrigonal. Upper Cretaceous. Ex. E. leachi^ Chalk. 

Hoploparia. Body elongate, slightly compressed laterally. 
Cephalothorax covered with fine granules. Rostrum very narrow, 
long, sharp and not dentate. Cervical suture deep, not reaching 
the margins of the carapace ; in front of the cervical suture is a 
X-shaped groove. The two anterior pairs of ambulatory limbs very 
long, provided with large cheleo. Abdomen sub-cylindrical. Lower 
Cretaceous to Eocene. Ex. U, longimana^ Lower Greensand. • 


^ Section 2. Brachyura 

This section includes the crabs. The abdomen uj short 
and small ; it is bent up underneath the thorax, and bears 
from one t 9 four pairs of appendages, but is without a tail 
fin. The cephalothprax js broad. 

Dtomia. Cephalothr^rax oval or i'ounded, vei^ cSnvex, with 
the entire sifirface punctate ; anterior part with pointed elevations, 
posterior lAiird with irregular ridges ; divided into^regions by two 
transverse grooves. Bbstrum short, triangular. Orbital notches 
ySa which the eyes rest) are VQjry deep.^ First pair of ambulatory legs 
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strong, with large chelso ; second and third pairs short ; fou|[;th and 
fifth slender. Abdomen of six segjnents and a telson in both sexes. 
Eocenei»to present day. Ex. /). lamarcki^ London Clay. a • 

• 

Palaeocorystes. Cephalothorax mitch longer than broad, 
tapering posteriorly, anterior border not dentate ; rostrum shorti 
► Orbital notches large with two small fissures. Cervical sivture well 
defined. The five anterior segments of the abdomen short, the sixth 
\Juadrangular. Gault and Eocene. 'Ex. P. stohesi^ Gault. 

EaUCOrystes. CephalothoraX|trapezoidal ; anterior part with 
tortuous, band-like elevations ; posterior part smooth or finely 
granular. Cambridge Greensand. Ex. E. carterL 

Necrocarciniisr Cephalothorax rounded, separated into 
regions by distinct grooves, ornamented with a few prominent 
tubercles. Eostrum triangular. Orbital notches rounded, open 
above, with two small fissures. Gault to Chalk. Ex. N. hechei^ 
Cambridge Greensand. 

Xanthopsis. Cephalothorax rounded, convex, surface punc- 
tate, the posterior portion with rounded elevations ; the frontal 
border with four, and the anteinor laterals with one to three, tooth- 
like processes. Orbital notches deep, without fissures. .Chel80 
unequal. Abdomen of tb«f male narrow and formed of four seg- 
ments and a telson. Abdomen of female broad, composed of six 
segments and a telson. Eocene. Ex. X leachi^ London Clay. 


Distxihution of the Decapoda 

• 

, Most of the Decapoda are ^marine, the larger number 
living in shallow water; amongst those which inhabit 
deep water are representatives of the Eryonidae — a family * 
which flourished in Jurassic ^imel. Some groups of the 
Macrura and Brachyura live in/resU water, whilst some^of 
the Anomura and^ Brachyura are terrestri^jl. ^ 

No undoubted examples oi th^ Upcapoda are known 
to occur in Palaeozoic deposits ; Jbut rdpresentatives bc^* 
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longin']^ to the section Macrura Pemphix)y appear 
i». 1Jl;ie Trias. The MacriA-a^ become abundant in the 
Jurassic, where, amongst others, the genera Qlyphea, 
Eryon, Mecochirus, MgeVy and Eryma are found. In the 
Cretaceous, Enoploclytia, Hoploparia and Meyeria occur. 
Podocrates is found in the Eocene, and Propalcemon in ' 
the Oligocene deposits. 

The first undoubted examples of the Brachyura are 
found in the Jurassic rocks.^but only two or three genera 
are represented, of which Prosopon appears first in the 
Inferior Oolite and survives until the Lower Cretaceous, 
whilst PalcBinachus is found only in the Forest Marble. 
In the Cretaceous the Brachyura become more abundant 
and are represented by PalceocorysteSy EucorysteSy Ne- 
crocarcinus and several other genera. In the Eocene 
numerous forms occur, Xanthopsis and Lromia being 
common. The Brachyura attain their maximum at the 
present day. " 


r 

CLASS III. MYRIAPODA 

The Myriapoia include the millipedes, centipedes, and 
allied forms. The body consists of a distinctly-marked 
head, followed by segments which are usually numerous 
and similar in form, so that, externally, the limitse of the 
thorax and abdomen cannot be defined. The head bears 
pne pair of antennae; and also mandibles and maxillae. 
The segments behind the head (except the last) bear in 
some, cases oiie, in otheVs tvm, pajrs of legs each ; in the 
latter the segments are Jreally double. The Myriapods 
breathe •^by means of tracheae. - „ 

In the fossil kate* Myriapods are rare. The two 
principal Orders are:— ^1) th^ Chilopoda, or centipedes, 



MYRIAPODA 


333 


(2) the Diplopoda, or millipedes. The first undfoubted 
representatives of the Chilopoda occur in the amber ibund 
in the ©ligocene Beds of Prussia ; the Diplopoda have also 
been found mainly in this amber, %ut one form, whicj^ 
perhaps belongs to this Order, was discoverecj in the 
Cretaceous rocks of Greenland. 

The Palaeozoic Myriapods differ considerably from the 
later representatives of the group and are regarded by 
Scudder as constituting two distinct Orders which are 
confined to the Palaeozoic formations. The earliest 
examples are founS in the Upper Silurian of Lanarkshire 
and belong to the genus Archidesmus. In the Old Red 
Sandstone of Scotland Kampecaris and Archidesmus occur. 
A larger number of forms (Xylobius, Euphoheria, Pattonia, 
Anthracodesmus) are found in the Carboniferous and 
Permian rocks. 


CLASS IV. INSECTA 

The body of an insect can be separated into head, 
thorax, and abdomen. The head is formed of fiised 
segments; it bears four pairs of appendages — one pair 
of antennm, one of mandibles, and two of maxillae. In 
the thorax there, are three segments, each bearing one 
pair of legs ; the second and third segments usually carry 
a* pair of wings on their dorsaA surfiices. The abdomen is 
composed of several (commonly ten) segments, and ^is^ 
usually without appendages. * Insects breathe hy means 
of tracheae. 

No undoubted Insects are at present known from the 
Devonian or parHer •formations. But in the CoabMeasures 
and in the Permian the group is r^resented by a con- 
siderable variety of forms]^ Reneains of insecjjs have been 
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found at many horizons in ^ the Mesozoic and Cainozoic. 
fdrmfitions ; in England they are not uncommon in the 
Lias, the Stonesfiel^ Slate, the Purbeck, the Wealden, 
and the Bembridge Beds. They are well represented in 
the Solenhofen Limestone (Upper Jurassic) of Bavaria, in 
the Miocene of Oeningen in Switzerland, and of Florissant 
in Colorado, and in the amber from the Oligocene Beds of 
Prussia. *. 

The Insects found in the Palaeozoic formations appear 
to be more generalised than the later forms, and the 
majority are referred by Handlirsch to Orders distinct 
from those found in Mesozoic and later periods. Only 
one Order, the Orthoptera, seems to have survived from 
Palaeozoic to later times. One of the extinct Orders — the 
Palaeodictyoptera, is regarded as the ancestral stock from 
which the other Palaeozoic Orders originated, and the 
latter are considered to be connecting links between the 
Palaeodictyoptera and modern insect groups. Brongniart, 
however, believes that the Carboniferous insects can all be 
placed in the Orders adopted for existing forms, but that 
in Palaeozoic times the Orders were less sharply separated 
than at the present day. 

The Insecta include an enormous number of forms, 
and the specimens found fossil are often imperfectly pre- 
served, so that nothing more than a brief sketch ‘'of the 
distribution of the chief groups can be attempted here. * 

If APT^BA 

The fbssil examples 6f* this Order (which contains 
small' wingless insects) are found mainly in amber from 
.the Oligocene of.Ausrfia, and include several species of 
^Lepisma, the silver-fish. ' 



INSECTA 


OBDER II. 1 ORTHOPTERA 

Thi» Order is represented in the Coal Measures. 
Examples of the Forficulidse (earwigs) have been found 
in the Oligocene amber and in the Miocene, but Jbhey are 
not common. Blattidse (cockroaches) are found in the Per- 
■•Jhian and are fairly common in the Jurassic; the Tertiary 
forms occur mainly in the Oljgocene amber. The Man- 
tidae (‘soothsayers’) are found in the Oligocene; the 
Phasmidse (leaf and stick insects) in the Upper Jurassic 
and Tertiary deposfts. The Locustidae (locusts) are repre- 
sented in the Lias, in the Upper Jurassic of Solenhofen, 
and in the Miocene of Oeningen. The Gryllidse (crickets) 
occur in the Lias and in the Oligocene amber. 

ORDER III. NEUROPTERA 

Insects allied to the Neuroptera are met with in the 
Coal Measures, but the earliest forms which can be definitely 
referred to this Order cccur in the Lias. Many examples 
of the Termitidas (white ants) have been discovered in the 
Oligocene and Miocene. The Odonata (dragonflies) are 
represented in the Lias, the Stonesfield Slate, the Solen- 
hofen Limestone, and in the Miocene of Oeningen and 
Colorado. Ephemferidae (may-flies) occur in the Oligocene 
amber* and in the Miocene „ of Colorado. Panorpidae 
(scorpion-flies) appear in the Lias. Exabiples of the 
Phryganeidas (caddis-flies) ^re fcund in the Lias, the Pui^- * 
beck Be(W, and in the Oligocene rJmber. 

ORDER IV. LEPIDOPTERA 

Butterflies and moths are verji rai^ as fossils. A few 
occur in the Middle and U^per Jurassic rocks, Palmn- * 
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Una bolitica from the Stonesfield Slate. The Order is 
tetter represented, althougPi Atill uncommon, in th^ Ter- 
tiary Beds ; examples have been found in the Oligocene of 
the Isle of Wight, the Oligocene amber of the Baltic, and 
in the Miocene of Colorado. 

ORDER V. COLEOPTERA. 

The Coleoptera (beetles) first appear in the Trias; 
they are more numerous in the Jurassic, and are well 
represented in some of the Tertiary Beds. Examples 
have been found in the Lias, the Stonesfield Slate, the 
Solenhofen Limestone, the Purbeck Beds, the Lcxwer 
Chalk of Bohemia, the Oligocene amber, and in the 
Miocene of Oeningen and Colorado. 

ORDER VI. HSMIPTERA 

Insects allied to the Hemiptera are found in the 
Upper Palaeozoic rocks. Forms which can be definitely 
assigned to this Order appear in the Lias. Examples of 
the Aphidae (plant-lice) occur in the Oligocene and 
Miocenej^ Fulgoridae are found in the Lias, the Purbeck 
Beds, and in the Tertiary. Notoneptidae (water-bugs) 
appear in the Upper Jurassic rocks, and are also found in 
the Oligocene and Miocene. 

ORDj5]R yn. DIPTERA 

The Diptera include flies, fleas, gnats, ahd mosquitoes. 
A few forms ar^ found in the Lias, the^Solenhofen Lime- 
stone, and the Piirbeck Beds; the Order is represented 
by numei^ous forms in the Qligocene amber. 
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ORDER VIII. ^ liYMENOPTERA 

This®Order includes the ants, beep,, and wasps. A few 
examples have been found in the Solenhofen Limestone 
.and the Purbeck Bedsj a larger number are met with in 
the Oligocene amber, and in the. Miocene of Oeningen and 
CStorado. 

\\ 

CLASS V. ARACHNIDA 

Scorpions, spidei^, and mites are common forms of the 
Arachnida. In the members of this Class the anterior 
segipents of the body are fused together, forming a 
prosoma or cephalothorax which is covered by a carapace. 
This region usually bears six pairs of appendages, of which 
one pair is in front of the mouth. Antennas are absent, 
and no pair of appendages is modified to serve exclusively 
as jaws. The first and second pairs, known as chelicerce 
and pedi palpi, serve partly as jaws ; the four remaining 
pairs are long limbs, placed near the mouth, and used for 
locomotion and to some extent as jaws. The abdomen 
may or may not be segmented; in son^e groups it is 
divided into an anterior and a posterior region {mesosoma 
and metasoma), each of which consists typically of six 
segments. The first segment of the mesosoma bears the 
genital pore. The metasoma bears no appendages, and 
those on the mesosoma are never in the form of loco- , 
motory limbs, but are connected with rsspiration ; jn the 
primitive s^uatic arachnids they are plate-like and bear 
lamellar gills; 'in the terrestrial forms the gills are re- 
placed by lung-books or by tracheae. ^ ^ 

The Arachnida are divided into Vwp sub-classes: — ^ 
(1) Merostomata^ (2) Euara^phnida.- ^ 


w. p. 


22 
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SUB-CLASS 1. 'MEROSTOMATA 

The Merostomat? are aquatic Arachnids whicH breathe 
fcy means of gills borne on the plate-like appendages of 
the melsosoma. There are two Orders: — (1) Xiphosura/ 
(2) Eurypterida. • 


ORDER ll XIPHOSURA 

. The only living representative of the Xiphosiira is the 
king-crab, Limulus (figs. 144, 145), found on the eastern 
shores of North America and Asia, and in the Malay 
Archipelago and the Indian Ocean. The body of Limulus 
is covered by a chitinous exoskeleton, and consists of a 



Fig. '144. Limulus polyp llecent. * Ventral surface.' A, oephalo- 
thorai' or prosoma. B, abdomen. C, portion of the tail-spine. 
1— 6^, appendages of the prosoma; 1, cheli^era; 2, pedipalp; 3—6, 
ambulatory legs ; j)ehind the mouth are the smkll chilaria ; 7 — 12, 
< appendages of the abdo^men ; 7, operculum ; 8—12, lamellar append- 
ages bearing gills. m, idouth. Reduced. 
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prosoma or cephalothorax (fig. 144 A) and an abdomen 
(B) formed of the mesosomi and metasoma fused tog«thfc 
At the» end of the abdomen is a long, movable tail- 
spine (C). 


4 



Fig. 145. Limulus polyphemua, Rece»it. Dorsal ^iew. 1," carapace 
covering prosoma (cephalothorax) ; 2^ ablK)minal shield ; 3, tail- 
spine ; 4, median eye ; 5, lateral eye. (prom sLipley and MaoBride.) \ 
X i. 

22—2 
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The prosoma or cephalothorax is covered dorsally by a 
largS crescentic or nearly semicircular carapace (fig. 145, l), 
which is very conve>^ above and carries on its upper sur- 
face two pairs of eyes, one compound and lateral (s), the 
other simple and median ( 4 ). The large compound eyes^ 
are near the middle of tlie. lateral parts of the cephalo- 
thorax; the small simple eyes are close together in 
middle line, near the anterior margin. The abdomen is 
more or less hexagonal in outline and is movably articu- 
lated with the cephalothorax ; both have two longitudinal 
furrows on the dorsal surface, dividing a narrow axial 
part from a broad lateral portion on each side, thus giving 
a superficial resemblance to a Trilobite. The mesosema 
forms the main part of the abdomen and is composed of 
six fused segments, the segmentation being shown by 
grooves on the dorsal surface, and by the six movable 
spines borne on each side. The small posterior part of 
the abdomen without grooves represents the metasoma. . 

The prosoma (cephalothorax)ecarries six pairs of ap- 
pendages concealed in the concavity of its under surface ; 
the anterior pair (fig. 144, 1 ) (cftelicerw) only are in front 
of the mouth and are small, three-jointed appendages with 
chelae. .The other five pairs ( 2 — e) are the long, six- 
jointed walking-legs and are placed at the sides of and 
just behind the mouth ; most of them (except "the last 
pair) end im chelae, and flieir basal joints (except in* the 
'sixth pair) are spinose and function in mastication. Be- 
hind the mouth 4re pair of small unjointed processes, 
the"’ cAitoWa, which ^-epresent a ^seventh pair* of append- 
ages. ^the abdomen d^ftries six pairs of plate-like 
appendages; the anteriof pair are united, forming what 
*is known as the genital operculum ( 7 ), on the posterior 
surface of which are tlie genital openings^ The operculum 
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covers the remaining five pairs of appendages, which are 

not united in the middle,* and bear on their posteri^lr 

faces the leaf-like gills, of which there may be from 150 

to 200 on each appendage superposed like the leaves in 

book. . 

• . . ^ 

From the account given above it will be seen that 

jJNBwZws resembles the scorpions in several respects. In 
both, the prosoma consists of at least six fused segments, 
covered dorsally by a carapace which bears a pair of 
median eyes and a pair of compound eyes. The meso- 
soma of Limulus differs from that of the scorpions in 
having the segments fused, and the metasoma of the 
forijier is much reduced ; but in both there is a tail-spine 
behind the anus. The prosoma bears six pairs of append- 
ages which, in both cases, are similar in form and 
position. On the mesosoma the genital operculum forms 
the first pair of appendages ; the second pair are the 
pectines of the scorpions, and the first pair of plates which 
bear gills in Limulus, ^ The next four segments carry 
lung-books in the scorpions and gill-books in Limulus, 
From these characters, and from the absence of antennas, 
it is concluded that Limulus is allied to •the Scorpionida 
rather than to the Crustacea as was formerly qjipposed. 
The differences between the mesosoma and metasoma of 
Limulus and the scorpions are, to some extent, bridged 
over by some of the Palaeozoic Xiphosura described below. 

Limulus appears first in the Trias ; it has been found* 
in the Middle Jurassic of Northam|)ton,*and [s conunon in 
the Upper .Jurassic of Solenhdfen in ^Bavaria, and is «ilso 
represented in the Upper Cretaceous and the Oligocene. 
In the Palaeozpic deposits — from Silurian* to Perbiian — 
several other Xiphosura occur ; most dl’ these differ from. 
Limulus in havipg some or < 1,11 of the abdominal segments 
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free, and in some cases the abdomen is clearly separable 
idto • mesosoma and metasoma • 

(fig. 146). In these respects the 
Palaeozoic Xiphosura approach 
both the Eurypterida and the 
Scorpionida more nearl}^ than 
does Limidus. In most of the 
Palaeozoic specimens the append- 
ages are not preserved. The 

examples found in the Coal Fig. 146. HemiaapUlimu- 
1 1 !• 1 tJoides^ from the Lower 

Measures may perhaps have lived Ludlow Beds, x 

in fresh water. 

•• 

Belinurus. Form similar to Limulus. Prosoma semicircular, 
with a fiat border and long spines from the posterior angles ; median 
part raised, with compound eyes at the sides and median eyes at 
the front. Mesosoma of five free segments, with the lateral parts 
produced into spines. Metasoma small, formed of three fused seg- 
ments with a long tail-spine. Coal Measures. Ex. B. regince. 

Frestwichia {=£Juproop8), ProfiSoma similar to Belinurus, 
Abdominal segments (probably seven) fused, with a flat marginal 
part produced into spines, and a short tail-spine. Upper Devonian, 
Coal Measures, aiifi Permian. Ex. rotundata^ Coal Measures. 

Hemlaspis (fig. 146). Prosoma semicircular, with spines at 
the external margin and angles ; central parf raised. Mesosoma of 
six broad, short, free segments ; metasoma much narrowed, of three 
segments and a pointed tail-spine. Silurian. Ex. H, limuloidlls, 

c " 

Bunodes. Similar to Uemiavpis, Prosoma without spines. 
Mesosofiia with broad axi^.l part. Metasoma of three or four seg- 
ments. Silurian. Ex. tB. lunula, *' *» 

Neclimulus. Prosoma very broa(|, rounded in front, with 
spinose angles; witl) median eyes and compcAind lateral eyes. 

•'Abdomen with eighc or** more free segments. Silurian. Ex. AT. 
falcattis. 
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Distribution ^f%ilie Xiphosura 

Fosftl Xiphosura are rare, except in the Solenhofen 
Limestone (Upper Juras^c). The chief genera are : 

Silurian^. Hemiaspis^ NeoUmulus^ BiinodeSy Pseudonucms, 
Protolimulus^ Preitwichia. 

Carboniferous. Belinurus^ Pre^wichia. 

Permian. Prestwichia in North America. 

Trias to Oligoceno^nd Recent. Limulus. 


• ORDER II. EURYPTERIDA 

The Eurypterids are found only in the Palaeozoic rocks 
and are remarkable for the large size which they often 
attain; one form {Pterygotus anglicus) reaches a length of 
six feet and is the largest -Arthropod known. The Eury- 
pterids have a scorpion-like appearance ; but, unlike the 
scorpions, they were ifll aquatic animals, and, with the 
possible exception of forms found in the Coal Measures, 
all marine. The body is compressed dqfso-ventrally, and 
is protected by a chitinous exoskeleton (fig. 147) which is 
covered with small scale-like markings. • 

Thp prosoma* or cephalothorax consists of the six 
anterior segments fused together, and is usually quadrate 
or semicircular in outline. The carapace,* which covers 
the dorsal surface of the prosoma, bears a pair of small,* 
simple eyes near its centre (%. 147, e), and U pair*of large, 
lateral eyes-^one at each of the oiiBer front margins or at 
some little distance /rom those^ margins (^). 

^ Aglaspist from the Cambrian of Wis«oni(n,,is perhaps referable iio 
the Xiphosura. 
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Be)imd the prosoma come the twelve free and movable 
segments of the abdomen; ia^Pterygotus (fig. 147), these 



,F^g. 147. Dorsal surface of Pterygotus osiliensis, from the Upper 
Silurian, Rootzikullj c, first ^airof appendages (chelicersB) ; d, com- 
pound e^res ; «, simple eyora ; tail-plate or * telson ’ ; 5', sixth pair 
of* appendages of prosopia ; segments of the mesosOma; 7 — 12, 
segments of the metasoma. Reduced. (After Schmidt.) 

segments gradually i^ec^ease in width in passing from the 
/anterior to the posterior* end, b^t in many cases (fig. 149) 
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they are divisible into two groups — the anterior segments 
being short and broad, wMlfet the posterior are long and 





• • 

Fig. 148. Ventral surface of Pterygotus osiliensu, 'from the Upper 
Silurian, Bootzikiill. a, epistome; &, metastoma; first pair^& 
appendages (chelicerse) ; <2, '*compoivid ejies ; /, I., genital oper- 
culum; tail-plate or *tel8on^; second* to sixth pairs of 

appencTages,; I.*— V., veiilral plate-like a^ipendages of the mesosoma ; 
7— -12, segments of the metasoma* Reduced. (After Schmidt.) 

narrow. The six anterior segmecjbs the abdomen bear 
appendages and form thei^ mesosoma (fig. 148^ i. — V. ; fig^ 


346 


arachAida. eurypterida 


149, vli. — XII.); the six posterior segments are without 
appei^dages and form the mfet&soma (fig. 148, 7 — fig. 
149, XIII. — xviii.), at the end of which is the tail-plate or 
S]Dine {g) ; this is soiAetimes (Eurgpterus) spine-like, but 
usually in the form of an oval plate which may be pro- 
duced into a median spine as in Slimonia, or divided at 
the end as in some species* of Pterygotus, Each segm^it 
of the prosoma is covered by a broad, slightly convex 
dorsal shield (or tergum), and by a ventral cuticle (or 
sternum), and the tergum of each segment overlaps the 
one next behind. In the metasoma*- each segment is 
surrounded by a continuous chitinous sheath. 

The mouth is on the under surface, of the prosoipa 
(fig. 149). In front of the mouth there is one pair of 
appendages only (i.), which end in chelae and arc usually 
small. The other five pairs of appendages (ii. — vi.) are 
at the sides of the elongate mouth ; they consist of from 
six to eight joints each, and are not chelate; they 
functioned in locomotion, and also in mastication since the 
inner margins of the basal joints (or coxa^) are provided 
with tooth-like processes ; the posterior pair (vi.), except 
in Stylonurus, a^-e much larger than the others and 
have a very large basal joint. Placed just behind the 
mouth, in the median line, is an oval or heart-shaped 
plate, the metastovia (b), which covers the inner parts of 
the basal joints of the skth pair of appendages. The 
^metastoma. represents the pair of chilaria of Limulus 
(p. 340)^ and the presepce* in® some cases of a notch in 
front* and a median longitudinal groove on th^ surface, 
supports the view that tha^metastoma originated from a 
paired structure ImmediAtely in front of the mouth 
another plate, the epistoma, is found in Pterygotus (fig. 
,148, a). . • , 
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The six segments of the mesosoma bear on the ventral’ 
surface five pairs of plate-Hkfe appendages (fig. 148, 
fig. 14Si VII. — XII.), each of which overlaps the one behind 
like the tiles on a roof, and on the posiferior (or inner) surface 
of which are the leaf-like gills (fig. 149, c). The^first pair 
of plates form the genital operculum, and are divided 
middle by a median process, which often extends 
beyond the posterior margin of the operculum, on to the 
next pair of appendages; the shape and size of the 
median process differ in the two sexes. The genital 
operculum covers •the ventral surfaces of both the first 
and second segments of the mesosoma (fig. 149, vii., viii.). 
The segments of the metasoma (figs. 148, 7 — 12 ; 149, 
XIV.— xviii.) are protected by continuous chitinous rings 
and bear no appendages. 

In many respects the Eurypterids resemble the 
Scorpions. The number of segments in each of the three 
regions of the body is the* same, and the two pairs of eyes 
are similar in charaejber and position. In both Eury- 
pterids and Scorpions the prosoma bears six pairs of 
appendages, of which the first are pre-oral and chelate, 
and the remaining five agree in position and in general 
form ; but in the Eurypterids the number of joints in the 
walking legs varies, and the basal segments of all serve as 
jaws, •whereas in the Scorpions the last two pairs function 
only in locomotion; also in \flie Eurypterids the last leg 
and the genital operculum are much larger relatively than 
in the Scorpions. One df tfie .characteristic features of 
the Eusypterids is the large metastoma; this is, repre- 
sented by *the small sterpjum of the Scorpions. The 
pectines are.abaent in the Eurypterids, •except in Olypto- 
scorpius from the Carboniferoui^— €,n^ • this form shoyld 
probably be regarded as specialisedfiffshoot from, rather 
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than aft actual member of, the Eurypterida. The lung- 
bo<jk8,of the Scorpions are fepiresented by the lea{-like 
gills of the Eurypterids, but the plate-like appendages 
of the mesosoma are •absent in the Scorpions. In both 
groups the segments of the metasoma are free and without 
appendages and at the posterior end is a tail-spine. The 
differences between the Eurypterids and recent Scornioaep 
are to some extent bridged over by Palceophonus, a Silurian 
Scorpion (see p. 353). * 

The Eurypterids agree in many respects with Limulus, 
The principal points of difference are :-*-(!) only the first 
pair of appendages are chelate in Eurypterids, whereas in 
Limulus all the walking-legs except the last, and the firpt 
in the male, may be chelate ; (2) the last pair of legs are 
larger in Eurypterids than in Limulus and their basal 
joints assist in mastication; (3) the large, single plate 
forming the metastoma in Eurypterids is represented by 
the pair of small chilaria of LwMus ; (4) the second seg- 
ment of the mesosoma in Eurypterids is without append- 
ages and is covered by the genital operculum; (5) in the 
abdomen all the segments are free in Eurypterids but 
fused in Limulus, f.nd in the latter the metasoma is much 
reduced — these differences in the abdomen, however, are 
bridged over by the Palaeozoic Xiphosura^ 

Pro8oni<a (cephalothorax) quadrate, tfle an- 
terior angles rounded ; the compound eyes are a little in front df 
tjjiq median lateral point on each side. The tail-spine is long, 
narrow, and pointed. Tilhc p^e-o^al fippendages are small and con- 
sist of a basal joiftt and a ch^la ; second appendage consists of 
seven joints, the remaining four ^airs of eight joints > all these five 
pairs of appendages are withoutf chelao. The second, third and 
fourth pairs’^are simitar in structure and bear spities 4 the fifth pair 
ar%. longer than the p^edlding and without spines ; and the sixth 
piair are much Jonger and altvo larger^ with a large^ quadrate basal 
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joint. The metastoma is oval. 
The median process of the gen itti 
operculum is short in the male, 
long in the female. Lower Lud- 
low to Permian. Ex. E, fiteheri^ 
Upper Silurian. 

Stylonurus. General form , 
to Pterygotus. Second, 
third, and fourth pairs of append- 
ages with spines j the two postc- * 
rior pairs very long and slender. 
Compound eyes neai; the middle 
of the prosoma. Tail-spine long, 
pointed. Body sometimes nearly 

5 ioei long. Upper Silurian and 
Old Red Sandstone. Ex. S. poio- 
rieiy same range. 

Pterygotus (figs. 147, 148). 
Prosoma rounded in front ; the 
compound eyes are at the mar- 
gins. The tail-plate is oval and 
either bilobed or iK)intedf at its 
extremity. The pre-oral append- 
ages are long and chelate ; the 
second, third, fourth and fifth pairs 
are similar to each other in size 
and structure ; the sixth pair long 
and stout. Metastoftia oval. The 
examples of this genus are often 
of enormous size, P. anglicus * 
sometimes reaching a length of 

6 feet. Lower Ludlow to Old » 

Red Sandstone. Ex. P, anglicus^ 
Old Red Sandstone ; P. hilohm. 
Upper Silurian. •• 

Slimonitf (fig. 149). Pro- • 
soma quadrate ; the compound 
eyes at the antepor angles. $^g- 



Eig. 149. Slw[onia. Restoration 
of the under surface by M. 
Laurie. 6, metastoma ; c, loaf* 
Jike gills seen through the ven- 
itral plate-like appendages of 
the mesosoma; g, tail -plate ; 
I.— YI., appendages of the pro- 
soma ; VII.— XII., segments of 
the mesoiilDma ; XIII.— XVIII. , 
se^ents of the metasoma; 
¥11^ VIII., genital operculul^. 

' ^Reduced. • « 
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' ments df the mesosoma broader than those of the metasoma. The 
taU-plate is oval, ending in a poiniAj. process or spina Metastoma 
heart-&aped. The pre>oral appendages (chelicerae) are small ; the 
second pair of appendages are slender, and composed of six joints ; 
the third, fourth, and fifth pairs have seven joints, and are similar 
in size and form ; the sixth pair are longer and have a large retort- 
shaped basal joint. Upper Ludlow and Passage Beds. Ex. S. 
cuiuminatay Uppermost Siluriail. 

Distribution of^the Eurypterida 

This Order ranges from the Cambrip,n to the Permian, 
but is most abundant in the Upper Silurian and the Old 
Red Sandstone. The only form known from the Cambrian 
is Strabops, from Missouri ; from the Ordovician, Echino- 
gnathus. The chief genera in the Silurian and Old Red 
Sandstone are EurypteruSy Stylonurus, Pterygotus, Hugh- 
milleria, and Slimonia; and in the Carboniferous and 
Permian, Eurypterus, 


SUB CLASS II. EUARACHNIDA 

The Euarachnids breathe air by means of either pul- 
monary sacs or trache®, and the mesosoma is without plate- 
like appendages. The principal Orders are: — (1) Scor- 
pionida, (2) Pedipalpi, (3) Araneida, (4) Fseudoscorpionida, 
(5) Phalangidea, (6) Acarina. 

ORDER I. ^SCORPIONIDA 

The Scorpibns (fig. 180) have a long, narrow^ body, in 
which thrqe regions fire clearly marked. In front, the 
prosoma Qr cephqlothorax consists of six /used segments, 
covered dorsally by ^ chitinous carapace wliiich bears a 
j^^ir of simple eyes near cits centre, and a group of simple 
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Fig. 150. Veniiral view of an India, Scor]^ion, Scorpio jwammerdami. 
1, chelicera; 2, pedipalp; 3, 4,X 6, walking-legs; 7, genital oper- 
culum ; 8, pectiihes ; 9, 10, 11, Vz\ the four rig^t stigmata leading to 
the lung-books ; 13, first segment of ^eAsoipa ; 14, fourth segment 
of metasoma ; 15, tail-spine. (From> Shipley and MaoBride.) xJ.V^ 
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''eyes at each of the two outer front margins. The middle 
regiop of the body — the mesd^&ma or pre-abdomen ( 7 — 12 ) 
— is formed of six free segments, which are short and 
bpad; the chitinous^ sheath of each segment consists of 
a dorsal plate or tergum and a ventral plate or sternum. 
The posterior portion of the body is the metasoma or post- 
abdomen (i3, 14 ), and is formed of six segments, each bejskg 
encased in a complete chitinous cylinder, and all, except 
the first ( 13 ), are narrow ; at* the end of the last segment 
is the tail-spine ( 15 ), which bears the poison glands. The 
anal opening is on the last segment. 

The prosoma bears six pairs of appendages: — {1) the 
chelicerce (fig. 150, 1 ) are small three-jointed limbs with 
chelse, placed just in front of the mouth ; (2) the pedi- 
palps ( 2 ) are the largest appendages and are at the sides 
of the mouth; they consist of six joints, ending with 
chelse, and the basal joints function in mastication ; next 
come four pairs of seven -jointed walking legs ( 3 — e) which 
end in claws, instead of chela); the basal joints of the 
third and fourth pairs assist in mastication. Between the 
bases of the last two pairs of legs, and immediately in 
front of the gexital operculum, is a small plate, the 
sternum. 

On the seventh segment of the body (the first of the 
mesosoma) there is a small rounded plate — the genital 
operculum (fig. 150, 7 ). The eighth segment bears the 
pectines (8)> which are tactile organs and consist of a stem 
with a row of shont processes* like the teeth of a coinb. 
On segments nine to t^elv^, theije are, in the ^adult, no 
proper appendages ; But a *pair of oblique, slit-like open- 
ings — the stigmata, occur qn each of 4;he*se segments, and 
lead into pulmonaryesaps which contain the lung-books. 
.Uhe metasopoa (segments 13 to^lS) has no appendages. 
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Although this Order is of great antiquity, it has 
but few fossil representafifes. 

PalcBoplmius (fig. 151) occurs in 
the Silurian rocks of Go.thland 
^ and Lanarkshire ; Proscorpius in 

the Silurian of North America. 

* 

EGC^n,'r 7 nus is found in the Car- 
boniferous of Scotland, the Mid- 
lands, and North America. Im- 
perfect specimens of scorpions 
have been obtained from the 
Trias of Warwickshire. One 
form {Tityus) is known from the 
Oligocene beds. 

Eoscorpius does not differ 
in any important respect from 
living scorpions, and appears to 
have been quite as highly or- 
ganised. Palceophonus (^g. 151), 
however, is rather more primi- 
tive in some of its characters; 

the walking legs consist of nearly equal*‘3ized joints and 
seem to be without claws; the basal joints of jail these 
legs could serve to,some extent as jaws and in this respect 
resemble the walking legs of Limulus and still more those 
of the Eurypterida. Palceophoflus, unlike lajber scorpions, 
seems to have been aquatic, since it is found •associated 
with marine fossils, and moreover, stigmata appear to 
have been absent — probably* therefore it breathed by 
means of branchial laniellaB instead of lung-bodks. 



Fig. 161 , Palaopfionus cale- 
(ionicus from the Upper 
Silurian of Lesmabago, 
liunarkshirc. Bestoratiou 
of ventral surface by R. I. 
Pocock. X IJ. 


W. P, 


23 
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ORDER II. ^^DIPALPI 

C. 

The Pedipalpi (' whip-scorpions/ etc.) are represented 
by Geralinura and Frothelyphonus in the Carboniferous, 
and by Phrymis in the Tertiary rocks. 

ORDER in; ARANEIDA 

Spiders belonging to the genera Protolycosa, AHhroly- 
cosa, etc., are found in the Coal Measures. In the 
Oligocene — especially in the amber of Prussia— a large 
number of forms occur. 

ORDER IV. PSKUDOSCORPIONIDA (CHERNETIDIA) 

This Order includes the * book-scorpions * {Chelifer) 
and others. Various forms, belonging to existing genera, 
occur in the Oligocene amber, e.y. Chelifer, Ohernes. 

ORDER V. PHALANGIDEl (OPILIONINA) 

Examples of this Order (‘ harvest-men,’ etc.) have been 
found in the Oligocene amber. 

The following genera found in the Carboniferous rocks 
are referred by some writers to the Pbalangidea, but are 
regarded by others as belonging to a distinct Order — the 
Anthracomarti : — Architcu^us, Anthracomartus, Ki*ei- 
^spheria, Eophrynus, Anthracodro, 


ORDER VI. ACARINA 

This* Order jcompriscs^the mites, and ticks. Various 
forms of mites, belonging chiefly to living genera, occur in 
^/'the Oligocene amber and other Tertiary deposits. 
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Abactinal, 108 
Aboral, 108 
Abyssal zone, 185, 253 
Acalephse, 73 
Aoanthin, 29 
Acanthopores, 192 
Acanthoceras^ 278 
Acanthotelsmi, 323 
Acanthoteuthis^ 287 
Acanthothyris, 182 
Acarina, 854 
Acaste, 307 
Acephala, 200 
Acervularia, 88 

Acetabulum (Echiiioidea), 122* 
Acidaspis^ 309 
Acorn shells, 316 
Acrosalenia, 127 
Actceon^ 249 
Actinal surface, 108 
Actinaria, 77 
Actinocamax, 284 
Actimceras, 264 
Actinocrinus, 141 
Actinometray 145 
Achnopteriaj 214 
Actinostromay 71 
Actinozoa, 74-104 
Ad-ambulacral plates, 108 
Adductor impressions, 202 
Adductor muscles, 165, 166, %00, 
313, 319 
AEger, 329 
Mglinat 307 
j^goceras, 275 
JEquipecten, 215 

Agelacrinus, 167 I 


Aglaophenifty 55 
Aglaspis, 343 (footnote) 

Agnostusy 303 
Alar fossula, 78, 85 
Alar septum, 84 
Atari a, 244 

Alcyonaria, 93-98, 103 
Alcyoniuniy 94, 103 
Alectryoniay 217 
Allorisnuiy 230 
Alveolariay 196 
Alveolinoy 22 
Alveolites, 99 
Alveopora, 98, 99 
Amaltheus, 276 
Amber, 5, 333-337, 354 
Amber ley a, 240 
Ambonychia, 230 

Ambulacral varea, 118-120, 124, 
156 

,, groove, W)8, 112, 157 

,, ossicle, 108, 113 

„ plate, 118-120, 140 

„ surface, 108 

Ambulacrum = ambulacral area 
Ammonites, 272 ^footnote) 
Ammonoidea, 266, 285 
Amnigenia, 230 
Amoeha, 15^ • 

•AmptHdromus, 255 
Amphipo^a, 326 
fimphipora, 73 
Amphistegina,Ji^ 

A^iphiura, 115 
Amphormcrinus, 142 
^AmplMus, 91 
^Ampulla, 110 ' 



INDEX 


372 


AmpyXf 303 
Amusiunit 215 
Anabfi.ciit 104 
Anal inter-radial, 139 
,, siphon, 200 
Amnchytes, 131 
Anarcestest 271 
AnaspidefSj 3^3 
AricUh y 247 
AnciUaria, 247 
AncyloceraSf 279 
Angelina, 305 
Angle of divergence, 58 
Anisopleura, 238 
Annelida, 158 
Annulus, 261 
Anodonta, 218 
Anomia, 215 
Anomura, 328 
Antedon, 145, 146 
Antennro, 290, 298, 312, 314, 316, 
318, 320, 328, 332, 333 
Anterior canal, 235 
Anthozoa, 74-104 
Anthracodeamm, 333 
Anthracomarti, 354 
Anthracomartus, 354 
Anthracomya, 218 
Anthracosiroj 354 
Anthracosia, 218 
Anthrapalcemon, 325 
Anti-ambulacral, 108 
Antipatharia, 77 
Ants, 337 

Apex (Gasteropoda), 263 
AphidsB, 336 
Apical disc, 116 
Apiocrinus, 144 
Aporosa, 86,< 92 
Aporrhais, 244 
Aptera, 334 
Aptychopsis, 322 
h.ptychus, 268 
Apus, 302. 312, 313 
Apygia, 170 ' 

Arachhida, 337 
Aragonite, 3-5, 76, 207 
Araneida, 354 
Area, 211 
rcestes, 273 
rchaocidaris, 125 
A^'chaonOfCus, 325 


Arclianodon, 230 
^■fchianellida, 158 
/irchidesmus, 333 
Archimedes, 195 
Architarhm, 354 
Arctica, see Gyprina 
Area, 163, 205 

Arenaceous Foraminifera, 17, 22, 
26 

Areola, 122 
Arethusina, 311 
Argonauta, 280, 284 
Arietites, 275 
Aristocystis, 147 
Aristotle’s lantern, 124 
Arms (Astoroidea), 107 
,, (Bracliiopoda), 161, 166 
,, (Cephalopoda), 257, 279, 281, 
283, 284 

„ (Crinoidea), 136, 139 
„ (Ophiuroidea), 112 
Artemis, 224 
Arthrolycosa, 354 
Arthropleura, 325 
Artliropoda, 288 
Arthropomata, 170 
Arthrostraca = Amphipoda + Iso- 
'poda, 325 

Articulata, 162, 173-184 
Asaph llm, 306 
Asaphus, 306 
Ascoceras, 264 
Asiphonida, 210 
Aspidocaris, 323 
Aspidoceras, 287 
Aspidosoma, 112 
Aspidura, 115 
Astarte, 219 ' 

Asteractinella, 36, 44, 48 
Asterohlastus, 155 
Asteroidca, 107-112 
Asthenosoma, 121 
^strceospotigia, 36, 44, 47 
Astrocania, 104 
Astropecten, 112 
Astrcrhizffi, 71 
Astylospongia, 42, *47 
Atelostomata, 129 
Athyris, 180 , 

Atraxtilites, 284 
Atractites, 287 
Atremata, 171 
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AirypS, 180 
Aturiat 265 
AuceUat 214 
¥.ulacocera8, 284 
AulacotftijriSf 183 
Aurelia, 73 

Auricles (Echinoidea), 124 
Auriforai gastcropods, 237 
Autozooids, 96 
Auxiliary lobes, 207 
Avellana, 249 
Aviciiki*2V6 
Avicularia, 190, 194 
Aviculopecteu, 216 
Axial canal, 35 
„ furrow, 293 
Axillarc, 139 
Axinaa, 211 
Axis (Trilobita), 297 

Laetriles, 269, 287 
Baculites, 273 
Bairdia, 315 
Bakevellin, 231 
Balanus, 316, 317 
Barbados Earth, 30 
Barnacles, 316 
Barroiaia, 46 
Basal budding, 81 
,, epitheca, 81 
„ plates, 139, 149 
Basipodite, 290 
Bees, 337 
Beetles, 336 
Belemnitella, 284 
Belemnites, 281 
Belemnoteuthis, 284 
Belinm'm, 342 • 

Bellerophon, 239 
Beloptera, 287 
B^losepia, 283, 286 
Berenicea, 192 
Beyrichia, 314 

Bigeminal, 120 • 

Bilateral symmetry, 75, 86, 124, 
129, 196, 231, 237, 256, 289 
Bilohites, 111 • 

Biloculina, 22 
Biplication, 168 • 

Biramous appe&da^es, 290, 318, 
323, 327 

Biserial orinoids, 139 


Biserial graptolites, 58 * 

Bivalved carapace, 312, 313. 319 
„ shells, 160, 197 . 
Blastoidea, 149-155 
Blastoidocrinus, 155 
Blastistyle, 53 
Blattidee, 335 
Blue coral, 96 
Body-cavity, 105, 16(T, 197 
Cody. chamber, 261 
Book-scorpions, 354 
Boring lamellibranchs, 10, 209 
Boss, 122 

Bothriocidaris, 121, 133 
Botnjocrium, 142 
Boiujainvilka, 53 
Bourguetia, 254 
Bourgueticrinus, 144 
Brachial plates, 139 

,, skeleton, 166, 167 
Brachiole, 146, 148, 153 
Brachiopoda, 160-187 
Brachylepas, 317 
Braehymetopm, 311 
Brachyura, 330 
BranchiflB, 110, 123, 199, 289 
Branchial siphon, 200 
Branchiopoda, 312 
Branchipus, 302 
Brittle-stars, 112 
Bronteusy 307 
Bryograptus, 68 
Bryozoa, 188-195 
Buccal plate, 113 
Buccimpsi^ 255 
Buccinum, 245 
Budding (corals), 80 • 

Bulla, 249 
Bunodes, 342 
Butterflies, 335 
•Byssal sinus, 209 
Byssus, 199, 20!) 

• 

Caddis-flies, 335 
GadomellS, 187* 

• Caltmary, 279 
Calamojihyllia, 104 
,«Galcarea, 45, 47 
Calcarina, 2^ 

Valceocrinus, 145 
Calcedh; 9i 
Cal(]spongia9, 45 
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Galcite, 3-5, 45, 106, 168, 207 
Calicular budding, 81 
Callcdei^na, 111 
Callistjit 224 
Callograptus, 55 
Callus, 235 r 

dhXymene^ 305 
Galyptohlaatea, 53, 56, 63 
CalypfrcEa, 2^12 

Calyx' (blastoids), 149 ♦ 

,, (corals), 77 
,, (crinoids), 136 
,, (cystideaiis), 146 
„ (cdrioasteroids), 156 
Caniarophoriat 178 
Camerosponyiat 49 
CamarotcRchia, 182 
Campanulariaf 53 
CamptonecteSy 215 
Caninia, 91 
Gapulus, 242 
Garabocrinugj 154 
Carapace, 290, 312, 313, 337, 340, 
343, 350 
Garbonicoldt 218 
Carbonisation, 6, 56 
Gardiaster, 131 
Cardinal fossula, 78, 85 

, , process, 166 

,, septum, 83 

,, teeth, 204 

Gardinia, 218 
GardioceraSj 277 
Gardiola, 228 
, Gardiomorpha, 228 
GarditUf 220 
Gardiurtiy 223i 
Carina, 316 
Garyocaris, ^22 
Gassianella, 231 
GatopyguSy 130 
Caudal fork, 312, 320 

Wl, 15 

Gellepora, 194 
Centipedes^ 3^2 * 

CentralfXiapsuIe, 28 
,, disc, ^8 
Cephalic shield, 293 
GephaliteSf *19 , 

Cephalopoda, 257-287 
Oephalothoracic shield^ 31C, 323, 
^ *|26-327 


Cephalothorax, 290, 337, 3^9} 343, 
350 

*Cl^ratiocari8f 321 
Geratitesj 272 
Ceratosa, 40 
Geriopora^ 195 
Gerhhium, 243 
Geromya, 227 
Cervical suture, 328 
Chceietesj 101 
Cheetopoda, 158 
Chamay 221 
GhasmopSi 307 
Cheeks (Trilobita), 293 
Chcilostomata, 193 
Gheirurwi, 308 
Chelso, 328, S46 
Cheliccra, 337, 340, 352 
Gheli/er, 354 
GhenuiSf 354 
Chernetidia, 354 
Chert, 30 
Chilaria, 340, 346 
Cinlopoda, 332 
Ghirodota, 135 

Chitin, 3, 5, 17, 52, 56, 169, 289, 
338, 343, 350 
Gikiton, 237, 238 
GhlamySf 215 
Ghon^esy 175 
ChrysodoimiSj 246 
GidariSy 126 
Cilia, 16 
Cirri, 137 
Cirripedia, 316 
Girrusy 240 
Gladiscitesy 287 
Cladoccra, 312 
CladocJionuSy 80 
Gladophylliay 104 , 

Class, 13 
Classification, 13 
Glathrodictyoiiy 73 
Glavelltty 246 
GlimacograptuSy 69 
Glisiovhylluniy 89 
Clistenterata, 170 
GlonograptuSy 67 
Glymeniap 270 
Glypeusy 130 * * 

Cockroaches, 335 
Godastery 154 
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Coeleiftera, 50-104 
CoDlenteron, 50, 51, 74 
Ccel^, 105 
•CcRlonautilusy 265 
Caloptjhhium, 36 
Coenenchyma, 81, 82, 96 
Gcenograptm, 68 
Coonosaro, 51, 56, 57, 81, 82 
Coenothyris, 183 
ColeoluSf 256. 

Coleoptera, 336 
Colloid%ilic‘a, 34, 35 
CollyriteSj 130 
Columella ^Corals), 78 

• „ (Gasteropoda), 234 
Golumnal, 137 
Common canal, 56, 98 
Communication-plates, 101 
Compound sponge, 34 
Concentric operculum, 236 
tjonchidium^ 178 
Conical gasteropods, 236 
Conjugate pores, 120 
Conocardium^ 214 
Conocephalitest 304 
Conoceras, 286 
Comcoryphey 304 
ConorbiSy 255 
Conotheca, 283 
Gonulariay 255, 256 
GonuliiSy 129 
Gonm, 248 
Convergence, 14 
Convolute gasteropods, 237 
Copepoda, 291 
Coralline zone, 253 
Corallite, 77 
Gorallimiy 94, 103 , 
Corallum, 77 
Corals, 74-104 
^orbicula, 220 
Gorbuliiy 225 
Corona, 116, 118, 121 
Corticata, 16 
Gorynelluy 45 
Gosmocfirasy 278 
CostflB, 79 • 

Gottaldtuy 133 
Counter fossula, 78, 85, 

„ septuln, 93 
Covering-plates, 139, 146 
Cozopodite, 290, 299 


Crabs, 327, 330 
GrangopsUy 325 
Granitty 173 
Grassatella, 220 
Grassatdlitesy 220 
Gratmiilaria, 39 
Crayfish, 327 
Crennlate tubercles, 122 
Gribrilinay 194 
•Crickets, 335 
Crinoidea, 136-146 
Griocerasy 279 
Grisinay 195 
CristellariUy 23 
GrotalocrinuSy 142 
Crustacea, 289 
Cryptostomata, 193 
Gtenodontay 211 
Ctenophora, 50 
Ctenostomata, 101 
Gucullceay 211 
Cumacea, 318 
Cupressocrinus, 145 
Outtle-boiie, 280 
Cuttle-fish, 257, 279 
Gyathaxonhiy 90 
GyathocrlmiSy 112 
Gyathocystis, 157 
Gyathophyllumy 88 
Gybehy 309 
Gyclolitexy 104 
GyclolobuSy 287 
Gyclonema, 254 
Gyclophylluniy 90 
Gyclosphc^oma, 325 
Cyclostomata, 191 
Cylindrical gasterojjods, 236 
Gymaclymmiay 271 
Cyphosoniay 128 
Gypraa, 245 
Cypridea, 315 
Gypridina, 315 
Cyprina, 219 
GypriSy 315 
Gyrenaf^20 , 
d^rtitty iSO 
Gyrto(^raSy 265 ^ 

Gyrtoclymeniay 271* 
Gyrtodonta^ 230 
Gijrtograptwsy 69 
Cyst^ea, 146-149 
G^stiphyiluniy 91 
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Ojthere, 315 
Cythereai 224 

• ^ 

Dactyliocerasy 276 
Dactylopores, 70 
Dactylazooid, 53, 71 
D&lmanella, 177 
Dalmanites, 307 
DaphnJ.a, 312(^ 

Decapoda (Cephalopoda), 281 
„ (Crustacea), 327 

Deiphonf 308 
Delthyrium, 164 
Deltidium, 164 
Deltoid plates, 151 
Demi-plates, 119 
Demospongise, 40-44 
Dendrocrinus^ 145 
Dendrograptus, 55 
Dendroid corals, 81 

„ graptolites, 55 

Dendrophyllia^ 80, 104 
Dental plates, 162 
Dentalina, 17 
Dentalunrif 257 
Dermal brancliias, 110 
„ layer (sponges), 31 
Desmas, 42 
Desmoceras^ 287 
Desmodont, 204, 226, 230 
Development of graptolites, 61 
,, of corals, 79, 83 
,, of brachial skeleton, 
167 

,, of ammoneids, 270 
,, of trilobites, 300 
Dextral gaster^pods, 233 
DiademopsiSj 133 
Diastopora, 195 
Dibranchia, 2*^9 
DihunophyllmHy 90 
DicellograptiiSf 68 ‘ 

Dweras, 221 * 

DichograptuSj 67 
DicrariograptiiSy^GS , 

Dicrolomg,, 244 
DictyograptuSjpb 
Dictyonema, 55 
Dictyopkyton^ 39 
DictyothyHs, 183 
Di(^clic crinoids, 139, 1^2 * 

Didymograptus, 67 


Dielasma, 183 
Dimorphism, 19 
S>hnorphograptu8, 69 
Dimyaria, 200, 202, 209 
Diplograptus, 68 
Diplopoda, 332 
Diptbpodia, 128 
Diprionidian= biserial, 58 
Diptera, 336 
Disc (Asteroidea), 107 
,, (Ophiuroidca), 112, 113 
DiscbiUf 172 ^ 

Discinisca^ 172 
DiscinocariSj 322 
Discites, 265 
Discitoceras, 265 
Discoidal gailbcropods, 236 
Discoideat 129 
DiscomedussB, 73 
Dissepiments, 79, 80, 82 
Distal end, 57 
DithyrocarUf 322 
Divaricator muscles, 165, 166 
Dorsal cup, 137 

,, surface, 108, 201 
Dorgderma, 43 
Dosiniaf 224 
DQUvillelceras, 287 
Dragon-flies, 335 
Dreiss^ifiia, 231 
Di'omia, 330 

Dysodont, 203, 211, 229, 230 

Ears (Lamellibranchs), 205 
Earwigs, 335 
Ecardines, 170 
Echinohrissus, 130 
Echinocaris^ 3,23 
EchinoconuH, 129 
Echinocorysy 131 
Echiiwcrinus, 125 
Echinocyamm, 135 
. Echinocystis, 133 
EChinoderina, 105-157 
EchinognathySf 350 
*Echinoidea, 115-135 
Echmdspheera, 148 * ' 
Echinothuria, 121 
* Echinus, 128 
Ectocyst, 189 ' * 

Ectoderm, 50, 70, 115 
^ctoprocta, 191 
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EdnAndiaf 228 
Edrioanter, 156, 157 
Edcioasteroidea, 156 
I Eleutherozoa, 107-135 
EllipsSsephalus, 311 
Elongate gasteropoda, 236 
Emarginulaj 239 
Encrinurus, 308 
Encrinus, 143 
EndoceraSf 286 
Endoderm, 50 
Endop^ditei 290, 299, 300 
Endothyra, 23, 27 
Enoploclytia, 330 
Entalophorat 192 
EntomUy 314 
Entomostraca, 291 ^ 
Entoprocta, 191 
Eophrynus, 354 
EoacorpiuSy 353 
*Eospheeroinat 326 
Ephemeridas, 335 
EpiatteTf 123 
Epistoma, 346 
Epitheoa, 77 
Equus, 13 
Erodona, 231 
ErynMt 330 
Eryout ^29 
EryonidsB, 331 
Escutcheon, 202, 205 
Estheria^ 312 
Euarachnida, 350 
Eiicalyptocrinust 141 
Eucladia, 115 
Eucoryates, 331 
Eudesia, 183 
EitomphaluSf 240 , 

Euphoberia, 333 
Eupro&ps, 342 
fiuryearet 305 
Enrypterida, 343 
Eurypterus, 348 
Euthyneura, 233, 248 
Evolution, 11-13 
Exourrent canals, 33 
Exhaleht canals, 33 
Exogyra, 217 
Exopodite, 290, 299, 3Q0 
Exsert septa, ^8 • 
Eye-line, 295 
Eyes (Enrypterida), 343 


Eyes (Lamellibranchs), 201 
„ Scorpions), 351 
„ (Trilobites), 295 
„ (Xiphosura), 340 

Falmlaria^ 22 
Facetted pleurss, 297 
Facial suture, 294 
Family, 13 • 

False columella, 79 
Fasciculariaf 192 
Fascicle, 123 
FavositeSf 99 
Feather-stars, 136 
Feneatella, 193 
Fission, 61, 80, 81 
Fiaaurella, 239 
Fiaauridia, 239 
Fixed brachial, 140 
„ cheek, 294 
,, lamellibranchs, 209 
Flahellum^ 92 
Flagellata, 15 
Flagellum, 16, 32 
Fleas, 336 

Flesh-spicules, 35, 38, 41, 42 
Flies, 336 
Flint, 7 
Floscelle, 124 

Food-groove, 136, 140, 146, 152 
Foot (Cephalopoda), 258 
,, gasteropoda), 232 
„ (Lamellibrauchia), 197 
„ (Mollusca), 197 
„ (Scaphopoda), 256 
Footprints, 8 
Foramen, 164 « 

Foraminifera, 16-28 
Foriiculidfe, 335 
Fossilisation, 2-8 * 

Fossula, 78, 86 
Free cheek, 294 

Freshwater lamellibranchs, 23(1 
Fulcrum, 297 
Fnlgoritlte, 336 
Ftnnel, 257, 280 
FurcaUeVy 115 
Fusiform gasteropdds. 236 
Fuaulina, 24, 27 
Fuaua, 246 
• 

Ga^ritea, 129 
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Galeropygust 133 
Gammarus, 326 
Gamjk'oript'^, 323 
Gaping ^Lamellibranchs), 208 
Gan, 225 

Gasteropoda, 231-255 
Gastral cavity, 31 
„ layer, 31 
Gastricff^ras, 272 
Gastropores, 70 
Gastrozooid, 53, 70 
Genal angle, 294 
„ spine, 294 

Genital operculum, 340, 347, 352 
„ plates, 117 
Genus, 13 
Geocoma, 115 
Geodites, 36, 42, 47 
Geoteuthis, 286 
Geralinura, 354 
Gervillia, 213 

Gills, 123, 199, 232, 237, 259, 289, 
325, 326, 327, 328, 337, 341, 347 
Gmocrinus, 145 
Glabella, 293 
Gladius, 280 
Glauconite, 7, 37 
Globigerina, 24, 26 
Globular gasteropods, 237 
Glycimeris, 211 
Glyphea, 329 
Glyphioceras, 271 
Glyptarca, 230 
Glyptocrimis, 145 
^Glyptoscorpius, 347 t» 
Glyptosphara, 146 
Gnathobase, ^9 
Gnathostomata, 129 
Gnats, 336 
Gomphocera8*264 
Gonangium, 52, 61 
Goniatites, 271 (fodtnote) 
Gp^ioclymenia^ 271 
Goniomya, 227 
Goniophyllim, ^2 • 

Goniopowt 93 
Gonocyst, 19^ 

Gonoecium, 192 
Gonophore,^! 

Gonothedb, 50, 52 
G^gonia, 94, 103 
Gf^mmysia, 228 


Granatocrinus, 155 
Grantia, 33, 36 
Gvdnules, 121, 122 
Graphularia, 103 
Graptolites, 56-70 
Graptolitoidea, 56-70 
Gresstya, 227 
Griffithides, 310 
Gryllidse, 335 
Gryphaa, 217 , 

Gryphochiton, 238 
Guard of Belemnites, 281 
Guettardia, 49 
* Gymnoblastea, 52 
Gymnolffima, 191 
Gymnomyxa, 15, 16 
Gypidula, 17^ 

Hasmatite, 8 
Halichondria, 36 
Hallirhoa, 44 
Halohia, 231 
HalysiteB, 101 
Hamites, 274 
Haploceras, 287 
. Ilnplocrimis, 145 
Haplooecia, 195 
Herpes, 303 
Harpoceras, 276 
Harve^-men, 354 
Head-wield, 293 
Heliolites, 99 

Heliopora, 96, 97, 100, 103 
Heliosplicera, 28 
Helix, 250- 
Helminthochiton, 238 
Hemiaspis, 342 
Hemiaster, 132 
Hemicidaris, 127 
Hemipedina, 127 
Hemiptera, 336 
Hemithyris, 182 
Hemitrypa, 195 
Hermit-crab, 328 
Heteractinellida, 44 
^Heteroccenia, 98 
HeterAdont, 203, 219, 230 
Heterogenetio homosomorphy, 14, 
167, 27a 

Heteromyaria, '210 ^ 

Heteropoda, 232, 248, 254 
iMeieropora, 195 
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Hex<knnu8y 145 
Hexactinellida, 38-40, 47 
Hil^ceras, 276 
Hinge (Brachiopoda), 162 
„ iLamellibranohia), 203 
Hinge-line (Brachiopoda), 162 

(LamellibranchieQ, 203 
Hinge-plate, 204 
Hinnites, 216 
Hippochrenq$f 245 
Hippopodium, 212 
HippuHtea, 221 
Hirudinaaa, 158 
Hoerneaia, 231 
Holaateft 131 
Holcoapongia, 45 
Holcoatephanua, 281i^ 

Holectypust 129 
Holmia, 304 
Holocyatia^ 93 
*Holop(Ba, 254 
Holopella, 254 
Holostomatous, 235, 253 
Holothuroidea, 135 
Homalonotus, 305 
Homoeomorphy, 14, 167, 270 
Homamyaf 227 
Hoplitea, 278 
Hoploparia, 330 
Horioatoma, 240 
Horneraj 195 
Horse, 13 
Hughmilleria, 350 
Hyaloatelia, 38, 47 
Hyboclypeua^ 129 
Hyhocrinu8j 154 
Hydra, 51, 52 
Hydractinia, 53, 72 
Hydranth, 51 
Hydrocaulus, 52 
, Hydrocoraliina, 70 
Hydrorhiza, 52 
Hydrospire, 152-154 
Hydrotheoa, 52, 56, 58 
Hydrozoa, 51 
Hymenocaria, 321 
Hymenoptera, 337 
Hyolithellua, 256 
Hyolithea, 255, 256 . 
HypanthocriAua, 441 
Hypostome, 296 
Hypothyria, 182 


Ichthyocrinua, 143 
Idioatroma, 73 
Idmonea, 192 
Illfenua, 306 

Imperfection of the record, 12 
Imperforate gasteropods, 235 
Inarticulata, 162, 171-3 
Incurrent canals, 33 
Inferior lateral lob«, 207 
Inflected lip, 235 
Infra-basal plates, 139 
Infusoria, 15 
Inhalent canals, 33 
Ink-sac, 259, 280, 283 
Inner lip (Gasteropoda), 235 
Inoceramua^ 213 
Insecta, 333 
Integripalliata, 210 
Inter-ambulacral area, 118, 124 
„ „ plates, 118, 140 

Inter-ambulacrum = inter-ambula- 
cral area, 118 
Inter-brachial area, 113 
„ „ plates, 140 

Inter-radial plates, 139 
Iphidea, 170, 186 
Iron pyrites, 7, 35, 56, 60 
Irregularia (echinoids), 128 
laaatrcBa, 92 
lachaditea, 47 
laia, 94, 103 
laocardia, 219 
laocrinua, 145, 146 
Isodont, 203, 215, 230 
Isopleurg, 237, 254 
Isopoda, 325 
Isotropic, 3, 35 , 

Jaws (echinoid), 124 
Jelly-fishes, 8, 50, f3 

Kampecaria, 833 
Keel (Ammonoidea), 269 
King-crab, 338 
Xingemt 187, 

Monincma, §9 
Koninckina, 187 
Krei^heria, 354 
Kutorginc^, 174 

Lqhechia, 73 
labial p*alps, 200 
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La]^ram, 2^6 ' 

Lagena^ 23 

Lame]^ib];(wchia, 197-231 
Lamina^an zone, 185, 252 
Lancet-plate, 151 
Lapworthura^ 114 ^ 

Lateral budding of corals, 80 
,, teeth, 204 
Leda, 211 %, 

LeeGhesf"l58 

Left valve (lamellibranch), 208 

LeiocercLi, 287 

Leiopteriaf 214 

Leiostoma, 255 

Lepadocrimis, 148 

LepaSf 316, 317 

Leperditiay 314 

Lepidaster, 112 

Lepidenthes, 121 

Lepidocentrus, 133 

Lepidodiscust 157 

Lepidopleurus, 238 

Lepidoptera, 335 

Lepismat 334 

Lepralittt 195 

Leptaita^ 176 

Leptograptus, 68 

Leptoplastusj 305 

Leptostraca, 319 

Leiicosolenia, 32 

Lichas, 309 

Ligament, 205 

Lima, 216 

Limatula, 216 

LimncBa^ 250 

Limonite, 8 

Limulus, 338-343 

Lingual ribbon, 232 

Lingula^ 171 

Lingulella, 17) 

Liomems, 255 
Liparoceras, 287 
Lithartsa, 93 • 

LiOIstida, 42, 47 
, Lithocampe, 99 
Lithodomus, 212* 

Lithophagus, 212 
LWioitrotion, 89 
Littoral zonL 185, 252 
Littorinaf 242 * 

Litpola, 23 

Lobes (Ammonoidea), 26^7 


Lobsters, 327 
Locustidss, 335 
L^ganograptm^ 67 
Loligot 286 
Lomdaleia, 90 
Lophophore, 188, 191 
Loriciklat 317 
Lotorium= Tritonium, 245 
Loxonema^ 241 
Lucinat 223 
Ludwigia, 287 
Lung-books, 289, 352 
Lunule, 202, 205 
*LunuUtes, 195 
Lyopomata, 170 
Lytoceras, 273 

Maclureay 254 
Macrocephalites^ 277 
MacrocheiluSf 241 
Macrochilina^ 241 
Macrocyatella, 149 
Macrodon=Grammatodoni 231 
Ma-croscaphiteSf 274 
Macrura, 329 
Maetra^ 225 
Macules, 296 
Madreporaj 102, 104 
Maureporaria, 77 

Madreppric plate, 108, 112, 113, 
125 • 

Madreporite, 108, 147 
Magas, 187 
Magellania, 183 
Malacostraoa, 317 
Malaptera, 254 
Mamelon, 121 

Mandibles, 290, 299, 312, 314, 316, 
320, 328, 332, 333 
Mantellum, 216 
^ Mantle (Brachiopoda), 160 

„ (Cephalopoda), 258 

„ (Gasteropoda), 232 

%„ (Lamellibranchia), 197 
„ (Mollusca), 196 
« „ (Scaphopoda), 256 

Mantle^savity, 160, ]^7, 258 
, Marginal fasciole, 123 
* „ plates, 108 

„ pores, «152» 

Marsipiocrinus, 145 
^arsupites, 143 
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Mar^niay 179 
Massive corals, 81 
Ma§tigophora, 15 

Maxillas, 290, 299, 312, 314, 316, 
320,*328, 332, 333 
Maxillipedes, 318, 324, 325^ 326, 
• 327, 328 
May-flies, 335 
MecochiruSf 332 
Medlicottiaj%287 
Medusa, 51 
Medus^ia, 73 
Medusites, 73 
Megalodoiif 219 
Megalospherc, 19 
Megascleres, 35, 45 ^ 

Melamtria, 255 
Melania^ 243 
MelanopsiSy 255 
Melonechimis, 125 
^Melonitest l‘-^5 
Memhraniporaf 194 
MerctriXf 224 
MerUtinaf 180 
Merostomata, 338 
Mesenteries, 74, 75, 76, 93 
MesoblasttiSf 155 

Mesonacis, 304 * .» 

Mesopores, 192 

Mesosoma, 337, 339, 340, 352 

Metasepta, 84, 85 

Metasoina, 337, 339, 340, 345, 352 

Metastoma, 296, 340, 347 

Metopaster, 111 

Metoptonuij 254 

Meyeria, 329 

Miehelinia, 99 

Micrahacia^ 93 

Micrastei't 132 

Microdiscus, 303 

Micropora, 194 

Microscleres, 35, 41, 45 

Microsphere, 19 

Microthyris, 183 

Milioki, 20 

Miliolina, 22 

Millepora, Ilf 12 

Milleporidiurn, 71 

Miller icrinus, 14^ 

Millestroina, 71 
Millipedes, 332 
Mimoceras, 271 


Mites, 354 
Mitra, 247 
Mitraster, 111 
Modiola, 212 
Modiolopsis, 212 
Mollusca, 196-287 
Monaxonida, 40, 46 
Monocyclic, 139, 140 
Monoyraptus, 69 * m 

Monomyaria, 200, 202, 209 
Monophy Hites, 287 
Monoprionidian = uniserial, 58 
Monotis, 231 
Monticulipora, 193 
MontUvaltia, 92 
Mosquitoes, 336) 

Moths, 335 

Multilocular Foraminifera, 17 
Multispiral operculum, 236 
Murchisonia, 239 
Murex, 216 

Muscular impressions, 165, 202, 
261 

Mya, 225 
Myalina, 212 

Myacites, see Plciiromya, lioim- 
mya 

Myoconcha, 212 
Myoplwria, 217 
Myriapoda, 332 
Mysis, 324 
Mytilus, 212 
Myxospongida, 40 

Nacreous^layer, 206 
Naiadites, 230 
Nassa, 245 
Naticn, 242 
Naticopsis, 254 , 

Nauplius larva, 291, 318 
Nautiloidea, 260, 285 
Nautilus, 2()0,*265, 285 
Nehalia, 319 
Neck-furrow, 293 
Nfick-riffg, 293» « 

Ntci'Ocarcinu>}^ 331 
Necrommmarus, 326 
Necroscylla, 327 
Neithea, 2lj3 
' Nemagraptus, 68 
NexMKbtocynts, 50, 55 
N^patophores, 55 
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N^olimuluSy 342 
Neotremata, 172 
Neptwieiii^ifo 
Nerinea^ 243 
Nerita, 241 
Neritinat 241 
Neliroptera, 335 
Niobe, 311 
Nodosti’iea, 23* 
Notonectidaa, 336 
Nucleoliteitf 130 
Nucleus (Protozoa), 15 
„ of operculum, 236 
Nuciila, 210 
Nucuhina, 211 
Nudibranchia, 248 
Nullipore zone, 185, 253 
Nummuliteat 25 
Nummulitic Limestone, 27 
NyctipJianes, 324 

Ohelia, 53 
Oholella, 171 
Octactiuellida, 44 
Octopoda, 284 
Octopus^ 279, 284 
Ocular plates, 117 
Oculina, 104 
Odonata, 335 
Odontocliilej 307 
Odontophore, 197, 232, 259 
Ogygia, 306 
Olcostephanus, 287 
Olenelloidea, 304 
filenellusy 304 
Olenus, 305 
Oligochaeta, 15B 
OligoporuSf 121 
Omphalophyllf^, 104 
Oviphalotrochus, 240 
Omphyma, 89 
Oniscus, 325 
Oj^geny, 13, 167, 270 
Onychocellcit 195 
Onychophorfl, ^9 
OoGcium,«190 
Operculinat 26« 

Operculum, 236, 340 
Ophidiocerasf 287 
Ophileta, ^54 
Ophiocteiif 115 
Ojfll^oglypha, 114, 116 


Ophiolepis, 115 
Ophiura, 114, 115 
Of'Hiuroidea, 112-115 
Opilionina, 354 

OpiSf 220 

Opisthobranchia, 248, 254 
Oral plates, 140 
„* surface, 108 
OrbiculoUiea, 173 
Orbiioides, 26 
Orhitolina, 23 
OrbitolitCA, 22 
Orbitremitesy 155 
Orbulinut 24 
Order, 13 

Organ-pipe c^al, 94, 103 
Ornithella, 185 
Oro2)hocrinu8j 150, 155 

OrthiSf 177 
OrthoceraSf 263 
Orthoptera, 335 
Qj’thotheieSt 177 
Osculufn, 31 
Ostracoda, 313 
Ostrea, 216 

Outer lip (Gasteropoda), 235 
Outer- side -plate, 154 
Ocuyclymcnia^ 271 
Oxy7ioticem»^ 27»5 
Oxytontfi, 214 
Oxyuropoda^ 325 

Fachastrellay 30, 42 
Pachiniorif 42 
Pachydiacuii, 287 
Pachyporttf 99 
Pachyrisma, 219 
PalceastCTy IKi 
Palceasterina^ 110 
PalceechimiSf 125 
PalcDgUf 326 
Palceinaclius, 332 
J^laocardita, 231 
phlceocaris^ 323 
PaltBocoma^ 111 
^alaocorysteSf 331 
PaltBO^opus, 284 
PalcBodiscus, 133 
Palaoneilo^ 231 
Palaontina, 33^ 
Palaopalcemonf 325 
€*ala!ophonu8, 363 
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Pali, 479 

Pallial line, 203 

y sinus, 203, 224, 226 
Palp (mandibular), 320 
Paludiha.f 243 
Panopea, 226 
Panorpidao, 335 
Paper-nautilus, 257, 279 
Paraholina^ 305 
ParahoUnelkit 305 
ParadoxideSf 303 
ParaJif}pUtefSy 287 
Parallel modification, 14, 66 
Paranehalia, 319 
Parapodia, 158 
Parasmiliaj 92 
Parkeriiiy 53 
Parkimonia^ 278 
Patella^ 238 
Paterina, 170 
^Pattoniaf 333 
Paucispiral operculum, 236 
Pavonaria, 103 
Pearly layer, 206 
Pecteiif 215, 216 
Pectini-rhombs, 149 
Pectines, 347, 352 
PectwmuliiSy 211 
Pediccllaria), 109, 112, 122 
Pedipalp, 337, 352 
Pedipalpi, 354 
Peduncle, 163 
Peduncle-opening, 164 
Pelagidy 73 

Pelagic animals, 9, 249 
Pelanechinusy 121 
Pelecypoda, 197 
Pelmatozoa, 136-157 
Peltastesy 126 
PeltoeeraSy 278 
^Pelturuy 305 
Pemphixy 332 
Pen (squids), 280 
Pennatulay 96 
Pentacrinusy 143 
PentagonasteVy 112 
PentameruSy 478 
Pentremitesy 149, 155 
Perforata, 86,^93 
Perforate gasteroffods, 235 
Periderm, 56, 59 
Perignathic girdle, 124, 129 


Periostracum, 207 
Peripatusy 289 
Peripetalous fasciole, 1^4^? 
Pcriproct, 116 
Perisarc, 52, 56 
Per^chocrimis, 145 
PerischodomiiSy 133 
ParUphinctes, 277 
Peristome, 123, 235^ 

Perndy 213 

Peronella = PeronUldlay 45 
Pcronidellay 45 
Petaloid ambulacra, 120 
Petrifaction, 7 
PhacopSy 307 
Phalangidca, 354 
PhasianelUiy 240 
Phasmida), 335 
PhilUpsastnufiy 88 
Plullipsiay 310 
Pkoladoniydy 227 
Phola.9y 226 
Phormosellay 39, 47 
Phormosomay 121 
Phorusy 242 
Phragmocerasy 264 
Phragmoconc, 282 
PhragmoteiithiSy 286 
Pliryganeida), 335 
PknjnuSy 354 
Pliylactolroma, 191 
Phyllocarida, 319 
Phyllocerasiy 273 
Phylloccsnidy 104 
Phijllogr Optus y 67 
Phyllopoda, 312 
Phylogeny, 12, 13, 65, 270 
Phylum, 13 
Phymosomiy 128 
Piloeerasy 286 
PimcocerdSy ^87 
Pirnidy 213 
Pinnatopordy 195 
Pinnules, 139 
Phani<if,i55 
T^soerimm, 145 
Pitaridy 224 
Placo^sthy 149 
Plagiostonyiy 216 
PUimrhiSy 250 
Pla«t-li(^ 336 
Ptjj^smoporay 101 
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Plastron (echinoids), 132 
Platyceras, 242 
Flaty%ho1iifi,y 48 
Plalycrifmst 140 
Platystrophia, 177 
Pleopod, 318 
Plesioteuthis^ 286 
Pleura, 297 
Pleurocyt:iiSj lt9 
Pleurodictyunif 99 
Pleurograptus, 68 
Pleuromya, 227 
Pleuronautilus, 287 
Pleuropygia, 170 
Pleurotomdt 247 
Pleurotoniariai 239 
Plicatula^ 215 
Plocoscyphidj 40 
Plumastcr, 112 
Plumulariay 65, 56, 63 
Plumulites = Tarrilepasy 317 
Pneumatocyst,' o5 
PodocrateSy 332 
PodocyrtUy 29 
Pollicipesy 317 
Polychaota, 158 
Polyp, 51, 67, 70, 77, 79, 81 
Polypary, 66 
Polypide, 189 
Polyplacophora, 237 
Polyporay 195 
PolytreinaciSy 101 
Polyzoa, 188-195 

Porcellaneous Poraminifera, 16, 18, 
, 20-22 

Pore-rhombs, 148 
Porifera, 31-49* 

PoriteSy 102 
Porospheeray 4^ 

Posidonomyay 214 
Post-abdomen, 352 
Posterior canal, 235 
PottmtiideSy 244 * 

Potamomyay 231 
PoterioceraSy •265E 
Poteriocrinusy 143 
PraanaspideSy ^3 
Pre-abdomen, 362 
Prearcturug, 925 
Prestwichia, 342 
Prifhary plates, 119 
% septum, 78, 84 


Primitiay 314 
PriscochitoHy 238 
PUlmatic layer, 168, 206 
Prohoscina, 195 
Prodissoconch, 208 
Prodif^tus, 175 
ProetuSy 310 
Prographularia, 103 
ProlecaniteSy 272 
Pro-ostracum, 283 
PropcilamoUy 332 
Proporiiy 101 
ProficorpiuSy 353 
^Prosobranchia, 23 S 
Prosoina, 337, 339, 340, 343, 350 
Profiopoiiy 332^ 

Protaspis, 300 
ProtasteVy 114 
Protegulum, 170 
Prothelyphonusty 354 
Protocardiuy 223 
ProtocariSy 313 
Protoconch, 263, 268, 282 
ProtocystiSy 149 
ProtolhnuluSy 343 
ProtolycoHUy 354 
Protoplasm, 15, 28 
Protopodite, 290 
ProtoscUizodxiSy 231 
Protosp^nyitty 39 
Protozoa, 15-30 
Protractor muscle, 203 
Protremata, 174 
Provinces (Molluscan), 251 
Proximal end, 57 
Psammobidy 225 
Pseudocrinusy 149 
Pseudodeltidium, 164 
Pseudodiademtiy 127 
Pseudomelania, 241 
Pseudomonotis, 214 
Pseudonuctuty 343 
Psnudopodia, 15, 16, 17, 28 
Pseudoscorpionida, 354 
Psilocerasy 275 
Aerm,‘‘^13 
Pterinea, 214 
f^terinopecteny 216 
PteroniteSy 214 
Pteropod ooze, 2%Q 
Pteropoda, 232, 249, 264 
Pterygotxis, 349 
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PtiUcActyaf 195 
Ptilograptust 55 
Ptyrjfiitesy 287 

i^PuQTiaXf 182 

Pulmonary sacs, 270 
Pulmonata, 250, 254 
Purpura, 246 
Purpurina, 254 
Purpuroidea, 242 
Pygaster, 12,9 
Pygidium, 292, 297 
Pygocepiialm, 325 
Pygurus, 134 
Pyrula, 255 

Quenstedtoceras, 287^ 
QuinquelocuUna, 22 

Radial plates, 114, 139, 149 
„ symmetry, 105 
Radiolaria, 28-30 
Radiolarian ooze, 29 
Radiole, 122 
Padiolites, 222 
Radula, 232 
Paphutoma, 254 
Pastrites, 69 
Ray, 107 

Recapitulation theory, 13 

Peceptaculites, 47 

Red coral, 94 

Reef corals, 102 

Reflected lip (Gasteropoda), 235 

Regularia (echinoids), 125 

Pemopleurides, 295 

Peniera, 41, 47 

Pequienia, 221 

Petiolites, 69 , 

Retractor muscles, 203 
Phabdomeson, 193 
^hdbdophyllia, 104 
Phacophyllites, 287 
Phaphidonema, 46 
Phipidomella, 177 
Phizocrinus, 145 
Phizopliyllum, 92 
Phizostoma, 76 
Phizostomites, 73 
Phodocnnus, 1^6 
Phynchonella, 181f 
Phynchotreta, 182 
Right valve, 208 


Pimella, 245 
Pisstoa, 255 
Root (Crinoid), 137 
Root-tuft of Sponges, 34, 68 
Postellaria, 244 
Rostral plate, 327 
Rostrum, 320 
Potalia, 24 

Rugose corals, 83, 86, 88-^ 

Saccammina, 22, 27 
Sa£Cocoma, 146 
Saddles (Ammonoidea), 267 
Sagetiocrinus, 144 
Salenia, 126 
Salterclla, 256 
Sanqiiinolites, 229 
Sao, 311 
Sarcodina, 16 
SaxlcAiva, 226 
Scald, 241 
Scalaria, 241 
Scalpellum, 317 
Scaphella, 255 
ScaphitcH, 279 
Scaphopoda, 256 
Scenella, 254 
Schizaster, 132 
Schizohhistus, 155 
Schizodont, 203, 217, 230 
Schizodus, 217 
Schizoplioria, 177 
Schizopoda, 323 
Schlosnbachia, 279 
Schlotheimia, 275 
Scorpionida, 350 
Scoi'pion-flics, 335 
Scrobicule, 122 
Sdulda, 327 
Scutum, 316 
Scyphomedusqg, 73 
Scyphozoa, 73 
Scytalia, 36, 43 
Sea-anemones, 50, 74, 75, 77 
Sdh-cuoar»bcrt9*, 13$ 
Sdi-lilics, 130 
Sea-ur^ins, 115-135 
Selisconion, 36, 43 
^Sepia, 280^283 
Septa (Cephalopoda), 261 
(Coiials), 77, 79, 83 
(Foraminifera), 17, 18 



386 


INDEX 


Septal fossula, 78, 

,, necks, 262, 266 
Serpul^^ ICjg 
8ertulari€, 55, 56, 63 
Sessile eyes, 325, 326 
Sicula, 57, 60, 61 
Shrftnps, 329 
Side-plates, 152 
Silica, 3, j;, 28, «4, 35 
Silver-fish, 334 
Simple ambulacra, 120 
Siuistral gastcropods, 234 
Sinupalliata, 210 
Siphon, 199, 232 
Siphoniaj 43 
Siphoiiida, 210 
Siphonostomatous, 235, 253 
Siphonotreta^ 172 
Siphonozooids, 96 
Siphunclc, 262, 266, 283 
Skeletal- spicules, 35 
SlivKyniat ' 

Smithia, 88 
Solarium, 242 
Solaster, 107, 112 
Solen, 225 
Solitary corals, 102 
Spatangus, 118, 135 
Species, 13 
Sphccrexochus, 308 
Splicer ophthahnus, 305 
Spheerospongia, 47 
Spharulites, 231 
Spicules, 34-37, 94, 95 
Riders, 354 

Spines (Echinoidea), 122 
Spiracles, 151, 1«54 
Spiral angle, 233 
„ ornament, 237 
Spire of gastero{)ods, 233 
Spirifer, 179 
SpirifeHna, 179 
SpirQjpculina, 22 
Spiropora, 195 
Spirorhis, 159« 

Spirula, 2^, 284 
Spirulirostra, 2^|g, 286 
Spondylus, 215 
Sponges, 31-4SI 
Spongilla, 46, 48 
Spongin, 34, 40, 41, 45 
Sporc>|ioa, 16 


Squid, 257 
Squilla, 327 
Stalked eyes, 327 
Starfishes, 107 
Staurocephalus, 308 
Stauro^iema, 48 
Steganohlastum, 157 
Stem (Blastoidea), 149 
„ (Crinoidea), 136, 137 
„ (Cystidea), 146 t 
Stenotheca, 254 
Stephanocerae, 276 
Stepheoceras, 276 
t^ternum, 290, 346, 352 
Stigmata, 352 
Stomatopoda, 327 
Stoma topora, 192 
Stomechinus, 127 
Storaodieum, 75, 76, 94 
Stone-canal, 110, 135 
Strabops, 350 
Strapnrollina, 254 
Streptelasma, 91 
Streptoneura, 233, 238 
StricklauiUa, 178 
StringocephaluH, 184 
Stromatocystis, 157 
Strouiatopora, 71 
StroihatoporeUa, 73 
Stromalvporoidca, 71 
Stromhus, 244 
Sti'ophalosia, 175 
Strophomena, 176 
Strophonella, 176 
Stylaster, 71 
Styliform columella, 78 
Slylina, 92 
Styliola, 250 
Stylonunis, 349 
Sub-anal fasciolc, 123 
^ub-petaloid ambulacra, 120 
Sucking-discs, 257, 279, 281, 283 
iSuwerior lateral lobe, 267 
Su^lemental skeleton, 19, 26 
Sur-anal plate, 118 
SfR;ure\*\^plialopoda), 262, 267 
,, (Cla8^eropoda),^33 
S^cum, 255 
Synapta, 135* 

Synapticula, 79 
Syncarida, 323 
Sfncyclonema, 215 
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Syrir^oporay 98 
Syringothyris, 179 

•Tabula, 79, 80, 95 
Tail fill 829 
Talitrusy 326 
Tanaidacea, 318 
TaxocrinuSy 145 
Taxbdont, 203, 210, 229 
TealliocariSy^25 
Tectibrauchia, 249 
Teeth (jJrachiopoda), 1G2 
,, (Lamellibrancli), 203 
Tegmen, 137, 140 
Tcllinay 224 
Telotremata, 179 
Telson, 291, 312, 318, 320 
TemnechiniiSy 135 
'Ternnocheiliuty 265, 287 
Tentacles, 61, 75, 76, 93, 135, 137, 
• 188, 232, 257, 260 
Tentaculitesy 255, 256 
Terehratellay 183 
Terebratulay 182 
Terehratulinay 183 
Teredoy 226 

Tergum, 290, 316, 346, 352 
Termitidffi, 335 
Testicardines, 170 
Tetrabranchia, 260 
Tetracoralla, 86 
Tetractinellida, 41, 46 
Tetfagraptusy 67 
Textularitty 23 
Thamnastneay 93 
Thamniscusy 195 
Theca, 256 

Theca (Corals), 77, ^9 
ThecidcUy 174, 187 
Thecosmilitty 93 
J^heonoa, 192 
Thetironiay 224 
ThetiSy 224 
Tholiasterellay 44, 48 
Thorax (Trilobite), 292, 296 
Thracitty 227 
Ticks, 354 
TityuSy 353 
TornoceraSy 287 
Toucasia, 221 * 

Trabeculate columella, 79 
Trachees, 289, 332, 333 


Trachycerasy 272 
Transverse ornament, 237 
Trepostomata, 192 
Tretenterata, 170 
TriarthruSy 296, 298 
Tril^ spicules, 42 
Trigeminal, 120 
TrigmlUy 217 
Triiobita, 292 
TrimerocephaluHy 307 
Trmucleusy 303 
Tritaxuiy 17 
Tritoniuniy 245 
Tritonofususy 255 
Trochiform gasteropoda, 236 
Trochocerasy 286 
Trochocyathusy 102, 104 
Trochodiscuny 29 
TrochuSy 240 
Troostocrinuity 154, 155 
Trophouy 255 

Tube-feet, 108, 11(?^12, 113, 115, 
119, 135, 137, 157 
Tubercles, 121 
Tubiportty 94, 97, 98, 103 
TubularUiy 63 
Turbinate gasteropods, 236 
Turbinolia, 92 
TurhOy 240 

Turreted gasteropods, 236 
Tui'rilepasy 317 
Turrilitesy 274 
Turritellay 243 
TijphiSy 246 

UhaghdUy 99 
UintacrinuSy 146 
Umbilicus, 234 
Umbo, 162, 202 
UncinuluSy 182 
Uncitesy 180 

Unguiculate ojerculum, 236 
Unicardiuniy 223 
Unigeminal, 120 
Udilocit^^ 17« 

Uinoy 218 

Uuirai^us, 318, 32^ 

Uniserutl crinoids, 139 
„ ^aptolites, ^8 
■Univalve, 233 
Ur(^.erell(k, 112 
UrmiecteSy 323 
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Uropod, 318 

Valver (Brr/sliiopod), 160, 161 
„ (I^amellibranch), 197, 201, 
208 

Varices, 237 
Varieties, 14 
Velum, 52 
Venericc^diay £.2() 

Ventral, 108, 201 

Ventriculites t 39 

VenuSf 224 

Vermetusy 233 

Verrucocoeliay 48 

Vernicosay 317 

Verruculinay 42 

Vesicular tissue (corals), 79 

Vestinautilusy 265 

Vibracula, 190, 194 

VirguLi, 56, 60 

Visceral chamber, 77 

Vitreous Forai!Hnifera, 16, 23, 26 

VivipantSy 243 

Volborthelhiy 255, 285 

Voluta, 247 

Volutospina^ 247 

Waldheiviiay 183 
Wasps, 337 


Water-bugs, 336 

Water-vascular system, 105, 109, 
rtS, 124 

Whip-scorpions, 354 
White ants, 335 
Whorl, 233 
Wilsohia, 182 
Wood-louse, 325 
Woodocrinusy 143 
Worms, 158 

XantfiopsiSy 331 
Xenophoray 242 
*^iphosura, 338 
Xiphoteuthisy 287 
Xylohiusy 333 - 

Zaphrenthy 90 
ZeillerUty 183 
Zotea, 291, 318 
Zoantharia, 76-93 
Zoarium, 188 

Zone of Brachiopods and Corals, 
185, 253 

,, of Nullipores, 185, 253 
Zones (stratigraphical), 8 
,, of depth, 252 
ZwBcium, 189 
Zoospore, 20 
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